ote technical note tech

Air Traffic Control Speciali st

Visual Scanning Il: Task Load, Visual
Noise, and Intrusions Into Controlled
Airspace

Ben Willems, ACT-530
Robert C. Allen, ACT-530
Earl S. Stein, Ph.D., ACT-530

December 1999

DOT/FAA/CT-TN99/23

Document is available to the public
through the National Technical Information
Service, Springfield, Virginia 22161

Q

U.S. Department of Transportation
Federal Aviation Administration

William J. Hughes Technical Center
Atlantic City International Airport, NJ 08405



NOTICE

This docunentis disseminaed unde the spon®rship

of the U.S Department of Trangportation in the interest of
informat on exchange The United Sates Govemment
asumes no liability for the @ntent or use theeof.

TheUnited SetesGovenment doesnotendose
produds or manufacurers. Tradeor manufacturers
names appea heein solely because they ae consdered
essentia to the objective of thisreport.



Technical Report Documentation Page

1. Report No. 2. Government Accesion No. 3. Recipient’'s Catalog No.
DOT/FAA/CT-TN99/23
4. Title and Subitle 5. Report Date
) ) o ) Decenber 1999
Air Traffic Control Specialist Visual Saming II:
Task Load Visual Noise, ard Intrusons into Cantrolled Airspace 6. Performing Organization Code
ACT-530
7. Author(s)Ben Willems Robet C. Allen, and Earl S. Sein, Ph.D., ACT-530 8. Performing Organization Report N o.
uthor() S DOT/FAA/CT-TN99/23
9. Performing Or ganization Name and Address 10. Work Unit No. (TRAIS)

Fedeal Aviation Administration

William J. Hughes Technical Center
Atlantic City International Airport, NJ 08405

11. Contract or Grant No.

12. Spmsoring Agency Name and Address 13. Type of Report and Period Covered
Federal Aviation Administration )

Human Factors Division Technical Note

800 Irdependence Ave., SW

. 14. Sponsoring Agency Code
Washington, DC 20591 AAR-100

15. Supplementary Notes

16. Abstract

The Federal Aviation Administration (FAA) started an Air Traffic Control Specialist (ATCS) informatian-scanmning program a rumber
of years agp. The gaal isto leam alout how controllers use informatian displays and develop techniques for redudng air traffic-related
errors. This report describes a research project conduded at the Research Development and HumanFactors Laboratay of the FAA
William J. Hughes Technical Center. Volunteer contrallers paticipated in a real-time, air traffic control simulation of airspace
maodded ater their Terminal Radar Approach Control (TRACON) facility. ATCSs worked two different levels of smulated traffic.
Some scenarios contained incursions into their Class C airspae, and overflights provided visual noise. Results indicated thatthe
ATCSs workloadincreased with higher traffic loads. However, visual mise had mae impad on their peceived workload when things
were dower ard not when they were already busy. An eye tradker recorded eye movements. The visual £aming data ircluded
fixations, saccades, blinks, and pupil information. Increased traffic loadsdecreased the number of fixations on the radarscope. The
increase in tak load gemed todivert the ATCSs attention to areas other than the scope, most specifically the keyboard, suggesting
they were spending mae time updatirg flight plars and less time scaming the scope  Cantrollers developed scaming pattens tha
focused on the areas of highest traffic density. This maybe why they identified airspac intrudons late or not at all insome gecfic
cases. Such lapses suggest that intruson targets mug be emphasized with color, blinking, or some other means to draw the controllers
attention from estadished pattens. This mayincrease airspace safety. This research provides greate understanding of how ATCSs
use current information displays. The research results have paential for increasing future ATCS efficiency through improved display
technology or application of new training techniques.

17. Key Words 18. Distribution Statement
Air Traffic Control, Visual Saming, Eye Movements, Cognition, Work This dacument is availale to the pubic through
Load HumanFactors the National Technical Informatian Service,

Springfield, Virginia, 22161

19. Security Classif. (of this report) 20. Security Classif. (of this page) 21. No. of Pages 22. Price
Unclassfiied Unclassfiied 137

Form DOT F 17007 (8-72) Reproduction of completed page authorized




Acknowledgmerts

We ackrowledge he paticipaton of Air Traffic Cantrol Specalists who volunteered their time
ard efort to suppat the project We are giateful to Annmarie Heinze for her invaluable
contributions to finishing the report. The reseach projectwould not have beenpassble without
the techmical suppat of Demis Filler, Mary Delemarre, and Albert Macias (ACT-510), ard
Joanne Hood and George Rowand (SRC).






Table of Contents

Page
ACKNOWIBAGITENES ...ttt e e et et e e e e e e e et e e e e e e eeaba e e e s dil....
EXECULIVE SUMITIAIY ...ttt ettt e e e et e et e e e e et et bb e e e e e e e e e s iX..
R 1 0o 11 o X o] o 1

00 7= oo (011 ] o 1.
1.1.1 Literature Related to Visua SCaNNING.........ccvuuuuiiiiiiiiiiii e 2
1.1.2 Literature Related t0 WOIKIOad..........covvveieeiei e e e e 3

i e U 10 0 1S TP 3

G I o o] o 1P 4

FZZ0 1 1 oo 4

A o | Y 4.........
2.2.1 SUPPE PEISONNEL. ...ttt e e 4.......

JZ2C 1 = = 1 o] o I 5.

2 1D = o o R 5
241 INdependent VariahIES. .........uuiiiiiiii e 5
242 Dependent VarialES .........oouuuii i 6

pZ S . (000 o [ = 4
2T R B - 2= 1 (= o 11 o X [0 o I 7
2.5.2 DAla ANBIYSIS. ... ettt a e r e 8......

G T (= 1 0

T80 N N 10...
3L IMEAN ATWIT RAING vttt e ettt e e e e e e e e e e e eeead 0...1
312 MaximUMATWIT RELNG ...ttt 1...1
3.1.3 Correlation Between Mean and Maximum ATWIT Ratingsand TLX ...........ceeveeeeenee 1

A @ 1=~ (o] 0 T = U 1.
3.2 1 ENtry QUESHIONNAITE ...ttt ettt ettt e ettt e e e e et e e e e e e ana e e e 1...1
3.2.2 POSt-SCENAITO QUESHIONNAITE. .o e eeeeeieeeeeie e eee s e e e e e e e e e e e e e e et e e e et e e e ennn e eeennns 4...1
I B (| O 1 1= [0 =1 = P Z...1

3.3 Over-the-Shoulder EVAIUBION. ........covue it e e e 8...1
O T I o= 1100 T PO SPPPPPPN 18...
3.3.2 Camments Reéted to Class C Arspace VOIationS...........ccceuviiieiiiiiiiiiiieecciiie 1.2

YT T = S o= o 2.
3.4.1 General Eye Movement CharaCteristiCS........uuuuieeiiieiiiinieeeeeiiiieeeeeeeiinn e A2
3.4.2 SCENE Plane FiXaiONS. ......uu et e ee et et e e e e e e e e e e e e eann s 5.....2
3 4.3 RAOASCOPEFIXALIONS ...ttt e e e e e et e e e e e eanaanns 8.....2
G | 4 U T P ...

3. 4.5 RAASCOPE ODJECLS. . .. 2...3



Table of Contents (Cont.)

Page
3.5 PerfOrmanCe IMIBASUIES..........eieeuieeeie e e e eeee e e et e e e ts e e et e e e e e e e eaa e e e ean s e e eena e eeenaeaees 3...3
G 3 70 o T 1o £ ...
5.2 SEPAEIION. .ottt a e 3H.....
3.5.3 COMMUNICALIONS ...evteeeei e e e e e e e e e e e e e e e e e e e e et e e e et e e e ean e e eennneeeennns 5......3
G A =S 1 o o RPN 6....... 3
I3 1o U = T o K}
4.1 The Representativeness Of the SCENAIOS. ......vvuvuuiiiiiiiiiiiie e 7..3
4.2 The Effect of Time-on-Task, Task Load, and Visud Noise on Workload Measures.......... ¥
4.3 The Effectof Increasng Task Load aml VisualNoise on Stuaion Awareness Meas@s.38
4.4 The Effect of Task Load and Visud Noise on Eye MOVEMENS .......uvvveeviiveeeiiiieceieeeeeennn, 93
ST o] o 11 [0 P -
(=1 10 4
Lo (o]0 1Y/ 0T PN &
Apperdixes

A - Equipment De<cription

B - Detalled Flight Plans

C - Questonnaires

D - Obsewer Checkist

E - Peformance Variable

F - VisualScaming Variables

G - Scerarios amd Schedule

H - Integrated Eye Movement and Simulator Data File Formeat
| - Smapshots of Fixation Distributions and Simulator Images and Data
J - Statistical Backgiound

K - Desciptive Satistics

L - Detailed Resuis of Selected Satistical Analyses

M - Other Analyses Oppartunities

N - Recanmendaions

Vi



List of lllustrations

Figures Page
1. Derivation of ATWIT Variables From Raw ATWIT SCOI€S.........ccvvvieiiiieiiiieeiieeeieeeeiaeeann. 10.
2. Means and SDs of Mean ATWIT Ratingsas a Function of Task Load ................ceveeeiennnns 11
3. Means and SDs o Maximum ATWIT Ratings or Load-Visud Noise Combinations............ 11
4. Genera Post-Scenario Questions as a Function of Task Load and Visud Noise. .................. 14
5. Means and SDs for SA Post-Scenario Questions as a Function of Task Load...................... 16
6. Means and SDs for SA for Potential Violations as a Function of Visud Noise..................... 16
7. Means and SDs for Post-Scenario TLX Items as a Function of Task Load..............c.cceeee... 17
8. Means and SDs for Traffic How Related Questions as a Function of Task Load .................. 18
9. Mears ard Ds o Variades Reéted to Maintaining Attention ard SA as a kinction of Task
0 = PP 18..
10. Means and SDs for Variables Related to Prioritizing ............ooovevvvviiniiiiiiiiiiiie e 19.
11. Means and SDs for Preplanning Control Actions as a Function of Visud Noise................. 19

12. Means and SDs for Providing Essential ATC Information as aFunction Of Task Load........ 19
13. Mears ard Ds o Providing Additional Control Information as a kinction of Task Load anl

VAT U= I N[0 1= = 20....
14. Means and SDs for Variables Related to Communication as aFunction of Task Load......... 20
15. Means and SDs of OTS NASA TLX Items by Task Load and Visud NOise...................... 21
16. Percert of ATCSs That Indicated Deection of the Chss C Arspace Volations................. 23
17. Means and SDs of Fixation Area as a Function of Task Load and Visud Noise.................. 25

18. Mears ard Ds o the Saccade Gitarce as a &nction of Task Load aml VisualNoise........ 25
19. Meanard SD of the Total Number of Fixations an the Radascope as a &nction of Visual

Noise and Load Over a45-Minute SCENANO........oeveeuierieiie e e e e e e eees 26...
20. Meanard D of Fixation Duration on the Radascope as a &nction of VisualNoise ard

JLIE= S G o = o 1 26........
21. Meanard D of Nunber of Fixations an the Hight Strip Bayas a kinction of VisualNoise

010 [ = = S 0 7= o PP PPRPPTRN T...... 2
22. Meanard D of the MeanFixation Duration on the Hight Strip Bayas a

FUNCEION Of TaSK LOA. ... .cetiieii et e e e e e e e e e e e e e e e e e s 27.
23. Mears ad Ds o the Nunber of Fixations an the Keyboard Area as a

Function of Task Load and Visua NOISE..........uiieuiiiiiiii e e e e e e 27....
24. The Nunber of Fixations an the Systens Area as a

Function of Task Load and Visua NOISE.........uviiiuiieiiiii i e e e e 28...
25. Mean Fixation Durdion on the Systems Area as a Function of Task Load......................... 28

26. MeanNunber of Fixations an Static Oljects as a Enction of Task Load aml VisualNoise.29
27. Mean Fixation Duraion on Static Objects as a Function of Task Load and Visud Noise.....29
28. Mean Number of Fixations on Tab List as a Function of Task Load and Visud Noise......... 30

29. Mean Fixation Duraion on Tab List as a Function of Task Load and Visud Noise............. 30
30. Mean Number of Fixations on Preview as a Function of Task Load...........ccoevevviniiniinnennss 30
31. Mean Number of Fixations on Preview as a Function of Visud NOISE..........cccevvvvviniinennen. 31
32. Mean Number of Fixations on Aircraft as a Function of Task Load and Visud Noise......... 31
33. Mean Fixation Duraion on Aircraft as aFunction of Task Load and Visud Noise............. 31

vii



List of lllustrations (Cont.)

Figures Page
34. Meanard D of RadarOhect Fixation Duration (Sec) as a knction of Task Load aml

RV 1S U= T N[0 1= 32....
35. Percent of Total Smulation Time Fixated on Selected Radarscope Objects............cccvvenn... 33
36. Mears ad Sardard Devations for Number of Stardard Canflicts as a knction of Task

[0 "o = 0o N N0 3A4......
37. MeanNunber of BetweenSector Conflicts as a kinction of Task Load aml VisualNoise..34
38. MeanDuration of BetweenSecior Conflicts as a kinction of Task Load anl VisualNoise.34
39. Mean Closest-Point-of-Approach (Feet) as aFunction of Task Load and Visud Noise........ 35
40. Mean Horizontal Separation as a Function of Task Load and Visud Noise........................ 35
41. Mean Number of ATCS Messages as a Function of Task Load and Visud Noise............... 36
42. MeanNunber of Pilot Message Kystrokes as a #inction of Task Load arl VisualNoise..36
43. Means and SDs of Fixation Duration in Other Studies...........ccooevvvivveviiieeviiiieeviieeeeenn AL
Tables Page
1. Genera Background QUESHIONS. .......uuunieiiiiiiiie ettt e e e e 12....
2. Importance of Aircraft INfOrMaLION..........oeuuuiiie e 13....
3. Importance of Radarscope INFOrMALION.........cceuuuuiieei it 13...
L @ L= 1 o] 7= 17

viii



Execuive Summary

Air Traffic Control Specialists (ATCSs) work in a dynamic, visudly challenging environment that
constantly demandstheir attention. They must monitor, process information, and make decisions
under conditions where taskload varies across arange of their capabilities. Engineering Research
Psychologists in the Natona Airspace $stem Human Faciors Branch atthe Federal Aviation
Administration William JHughes Technical Center used real time person-in-the-loop smulation to
studythese ssues.They evaluated actal controller peiformance urdertwo levels of task load.
They dsoevaluated the impactof visualnoise in the form of overflightsto seef it influerced
workload aml peformance. Thiswas a caceptreseach effort to see f these wariables interacied
to influerce human pefformance am cantrollers' use @ the visualinformation displayed for them.

Twelve volunteerFull Performance Level ATCSs from a Terminal RadarApproachControl
(TRACON) facility participated in the study. The ATCSs worked simulated traffic under
relatively low (6 aircraft for eachl5 mnutes)and relatively high (12 arcraft for eachl5 minutes)
conditions. Overflights piovided scearios with the efectof visualnoise with two levels of
traffic. In addtion, six scerrios catained incursionsinto Class C agpace.

The results of astudy like this are complex and involve multiple variables. Each variable has a
unique neanng in the overall patern. Some findings carbe predicted based m pastreseach and
some could not. For example, the over-the-shoulder obsener estmated that controller
performance dedhed urder conditions of higher task load. The objective measues d
performance n factshowed hat controller pefformance dd not decease.

The paticipating ATCSs akofelt that they worked harder but the quaitty of control was bwer
during the high traffic load scearos. Thisis atypicalfinding in Smulation studies anl cauld be
predicted. The sel-reported Stuaion Awareness neasues deceased uder high traffic load.
Generally, ATCSs were willin g to indicate perceived increases in workload, which increased with
higher traffic loads.

Visualnoise or overflightsin the TRACON ervironment had a canplex impacton controller
percepions depewling on the task denand under which they were working. If they were dready
busy with traffic of their own, visualnoise had little impactand may have even reduced cotrollers
perceived workload. Howewer, during sbwer times in their own airspace the factthat they could
see hat someone eke was usg the aea tat they were scaming addedad their perceived
workload. This suggessthe adwantage & filters atleas$ on an optional basis, where appopriate.

Some of the most interesting findings n this sudy cane from the visualscaming dat collected
with an eye tracker referred to as armoculometer. This device racks he movement of the
controller’ sright eye asti scars dsplys for information. The system aso determines wlere on
the dynamic display the controller is actudly looking. Visua scanning data included information
about eye movement paugsor fixations, eye jumpsor saccadesblinks, and pupl diameter. The
human visud system can only acquire detailed information during fix ations.

Controllers spent most of their time fixating on aircraft targets and daa blocks. Fixation time
increased gnificartly when high dtitude wverflights wee presen. With anincreasen traffic



load, the rumber of fixations an the radarscope deceasedput the rumber of fixations on the
keyboard increa®d. This suggess that controllers were sperding more time updaing dat usng
the keyooard ard less tme looking atthe radarscope. The Hgh atitude overflights seerad ©
further divert the ATCSs' attention. Fixations on arcraft representations on the radarscope lasted
longerthanfixations on ary other item These results sugges that ATCSs performed nore
mental processing whenlooking atthe radarscope aml arcraft represemations in paticular than
whenlooking atary other object Controllers developed paterns o visualy scaming the radar
dispby. These paerns becane nore structured as lhe traffic stuaion developed. ATCSs dd
not charge hese paerns with the adwent of arrcraft intrusions into the arspace. This may explain
in pait why they noticed tese uscleduled trgets ke or not atal. In the interests o airspace
sakty, it is not eroughto disply intrusive targets. Their presere nustbe enphasied n a way
to draw the controller’s atention avay from hig’her established scanning pdtern so that he/'she
cananend plars ard awid paential conflicts.

This reseach provides geaer understanding of how ATCSs use cuent information displays.
The reseach method has pdential for increasng future ATCS efficiercy throughimproved
display techndogy or new training techniques.



1. Introdudion

The Federa Aviation Administration (FAA) started a controller information scanning program in
1989 b help understand and reduce erors (Stein, 1989) With applcatonsto Air Traffic Control
(ATC) training, error analysis, and equpment desgn evaluaton, the identificaion of Air Traffic
Control SpecHlists (ATCSs') visualscaming paterns ard quarification of these paerns ae
necesary. Preently, no objectve measiresof visua scaming exist to suppat this program.

Thiswas he secaod in a seres d visualscaming sudies d ATCSs caducted atthe FAA
William J. Hughes Technical Center Research Development & Human Factors Laboratory
(RDHFL) at Atlantic City International Airport, New Ersey. Thefirst study (Stein, 1992)
addessedlte efectof changes ntraffic dersity on visualscaming. With the technology atthe
time, the eyperimenters calld not synchronize te visualscaming paterns with air traffic events.
This RDHHA. studywas thefirst to use eadmounted aculometry synchronized wth a dynamic
Air Traffic Simulator.

This exploratory projectforms the basis for analyses m visual performance,and quesionnaire
daia. The piojectcompared lkehavior and peformance d ATCSs acpss epelimental conditions.

1.1 Backgound

In 1995,the Natonal Aeronautics and Space Alministration (NASA), the Depatment of
Defense, and the FAA pulished the Natonal Plan for Civil Aviation Human Factors. The
purpose d this plan was b enhance avation sagty and improve the eficiency of operations. It
identified reseach areas ad enphasked he transfer of reseach findings © planned ard ongoing
programs. One of the keyissues bthe pbn was b quartify the efectthat new products or
procedues lave on system and human performance. The pbn consists of five areas:Human-
Certered Automation, Selection and Training, Human Performance Assessrent, Information and
Managenent and Disply, and Bioaeonautcs. Exceptfor Bioaeonautcs,eachof these aeas
states spedic reseach areas hat require anational focus. Visualscaming related measues tave
a pdential applcation acioss nost of these eseach areas.

The dutes of an ATCSinvolve scaning, projecing, planning, and execuion. A radar disply and
flight progress stips povidevisualdat, whereas edio and telephone canmunication systems
provide audiory dat. The caynitive requirements of ATC involve the piocessng of dynamicaly
changing information (Kirchner & Laurig, 1971;Mears etal., 1988) The ATCS dewlopsan
underlying mental modd of the ATC situaion. This modd allows the ATCS to switch attention
betweenthe various dat sources(Guttman, Stein, & Gromelski, 1995;Mogford, Murphy,
Roske-Hofstrand, Yadrop, & Guttman, 1994). Inthis sudy, human facior specalists conducted
simulationsin realtime and cdlected daa on visualscaming, peiformance, and mental workload.

Reseathers have used wokload aml peformance nmeasues exensively to test desgn dternatives
inthe ATC ervironment. In an ealty visualatention sudy, Karsten, Goldberg, Rood, and Sultzer
(1975)found that ATCSs spend appoximately 80% of their time looking atthe radar display,
13%looking at flight strips and 5% looking at input devices. Their equipment was primitive by



curent stardards. With the adwancenen of tecmology ard recen erhancenerts in sdftware ard
hardware, the RDHHA. now simulates the ATC ervironment with a muchhigher degee d fideity.

1.1.1 Literature Related to Visud Scanning

The amount of sensory information available to a human being at any one paint in time is
1,000000000 hts persecand atthe human sensory level (Grandjean 1993) This information,
althoughhighly filtered lefore reacling canscious awaeress,is still of critical importance to the
performance of everyday activities. The maost relied upan sensory information comes from the
visual systemhaving appoximately 90% of a peson’s daiy acivities under its guidarce.

The visualsystem provides nformation alout the ATC ervironmert necessay to articipate
charges ad to reactappopriately. Whenlooking atanobject, the eyes nove rapidly from one
point of interest to arother. These &st jumps, caled saccadesre kellistic movements that, once
started, will continue urtil they reachtheir target degination (Carperter, 1977) During a
saccadethe visualsystemobtains little visualinformation other thanthe deection of movement.
Most of the ime, humans look at objects without moving their eyes. During these sationary
peliods Etweensaccades;aled fixations, humans register most visualinformation. In a 30-
minute seraro, ATCSs have rougHy 3600 fxations with anawerage duation of appoximately
500 ns (Stein, 1992)

A fixation is a four-part process. Frst, the visualsystemstores anmage n short-term visual
memory. Secand, the visualsystemercodes he raw image aml sores he cales h working
memory. In the third stage,further mental processng takes pace ad, in the fourth stage,the
visualsystemprepaes br the rext saccade.The prepaation time for the rext saccadencreases
with anincrea® in the megnitude d the future saccade Kapaula, 1983) Kapoula srowed that
the proximity of previousfixations influenced fixation duration on subsequent paints of interest.

Like most human neuromotor control systems, the oculomotor system uses open and closed loop
control, depewnling on the stuaion. In closed bop cantrol, information acqured duting a fxation
directs the sibsequen saccade Kapaula, 1983;Rayner & Pollatsek, 1981;Vaugm, 1982) The
visualsystemuses @sed{oop control in acive information seaching duiing stuatons with
potential points of interest in close proximity. In open-loop control, information processing
indepemlert of the curent visualinformation in the visualfield deermines te rext saccadegllis,
1986) An openloop systemscars the visualfield in the perphery for potential points of interest.
Higher level cognitive piocesses detmine the target of the rext saccadeni opentloop cantrol.

Experlierced paticiparts tend to scanfor pettinert information in a statified rmndom manner
(Card, 1983;Engle, 1977;Groner & Groner, 1982;Inditsky & Bodmam, 1980;Kraiss &
Knauper 1983;Krerdel & Wodinsky, 1960;Serers, 1966;Weir & Klein, 1970;Wewerinke,
1981) A dructured nodel gives priority to objects or groupsthat need nore attention while
updatng the total picture o the proces under control. Less experierced paticiparts do not have
a wel-structured nodel available in long term memory ard tend to follow everts that canlead
themastay. An exanple istumneling, whenan ATCS loses he overall picture amd focuses o a
single problem only.



1.1.2 Literature Related to Workload

Studies amed atimproving the saéty of air traffic often include ATCSs’ pefformance aml
workload. Reseathers have deweloped a wariety of assessemt tecmiques b evaluate workload.
Subective tecmiques lave dominated this reseach area lecause bthe ease badmnistration,
low cost, and lack d obtrusiveness. The variety of available measues ndicates aack d
consensus arong reseachers ard presens an obstaclke when atempting to gereralize aml
integrate research findings The NASA Task Load Index(TLX) (Hart & Staveland, 1988)and
the Sulpecive Workload Assessment Techmique SWAT) (Reid & Nygren, 1988)serve a wie
variety of reseach needs. The TLX and the SNVAT assess emtal workload atthe erd of the
scerario or experiment and break davn mental workload nto seweral components. Other
subective mental workload assessent tecmiques 6llow a nore holistic appoach The Air
Traffic Workload Input Techique ATWIT) (Stein, 1985) deiived from eatier work by Stein
and Rosenberg (1983) usesa sngle 10point scak to assess peiceved workload. The ATWIT
collects assessents of perceived workload duing the sceario. An expeliment should
incorporate both objective ard suljectve measues b fully assess wiload.

When reaching working memory limits, mental workload increases and performance decreases.
Performance slows aninverted Ushaped depaency on workload wth poor performance
occurring at extremely low and high mental workload levels. Optimal performance will often
occur betweenthese two extremes(Tole, Steptens, Harris, & Ephrath, 1982)

1.2 Purpee

The sudy explored he eye movement characteristics d Terminal RadarApproachControl
(TRACON) Full Performance Level (FPL) ATCSs under different levels of task load, with and
without overflying aircraft (visualnoise), and with and without aircraft intrusions. It answeed
seven research questionsthat addressed visud scanning, suljective ratings, over-the-shoulder
(OTY) ratings, quesionnaire scaes,and peformance scoes.

Depemling on the sceario, the ATCS encountered arspace mtrusions, different task loads,and
en route arcraft primary radarreturns. Reseathers deermined f changes nh expetimental
conditions dtered peformance aml behavior. The quesbns related to these chnges ae as
follows:

. Do eye movement characteristics d ATCSs difer across epelimental conditions?
. Do suljecive mental workload esimates (ATWIT) differ across eyermental conditions?

a
b

c. Do OTSratings dffer across sceaios?

d. Do respaises b Post-Scerario Questonnaires difer across scearios?
e. Do performance scoes difer acioss epetimental conditions?

f.

Do eye movement characieristics dffer depemling on VisualFlight Rules (VFR) intrusion
preseme?

g. Do eye movement characteristics difer depeiling on Instrument Flight Rules (IFR)
intruson presermce?



1.3 Saope

This sudy compared visualscaming behavior, system acivity, ATCS peiformance, workload,
and piot-ATCS interactions under conditions that differed in traffic load, presee d visualnoise,
and arcraft intruson in Class C érminal airspace.

2. Method

2.1 Participants

Twelve active FPL ATCSs from a TRACON facilit y participated in the study. The participants
actively controlled traffic for atleast16 hoursin the month preceding the expeliment. The
ATCSs gaether verbal informed cansent to patticipae in the expetiment. The reseach team
ensured them that their data were completely confidential. Participants had visualacuty not less
than 20/30 carected. ATCSs calld wearcorrective lenses anl sdt contactlenses. The
oculometer design limit ations excluded bifocals, trifocals, or hard contact lenses.

2.2 Facility

The experiment took place nthree aeas & the RDHA: Expernment Room Four (ER4),
Expelniment Observation Room Two (EOS2) and Experiment Room 2 (ER2). ER4 contains a
high fideity, state-of-the-art ATC smulator run by ATCoach(1992)smulation software. This
station can mimic up to an ARTS IIIA rada system and consists of a 22-inch, high-resolution
(2000 x2000 pxels) color radar display, athree-button trackball, and an ARTS IlIA keyboard.
The sytem operated n networked node inked b the ER2 that contained the smulation pilot
workstations. ER4 ard EOS2 contained videocaneras an recaders syichronized wth
ATCoach the ATWIT parels, and UNIX network hardware. The smulation workstation
included alight strip bay with time-ordered fight progress srips The gaff modelked the
TRACON ard interfaced ArCoachwith an Applied Science Laboratories (ASL) oculometer.
The oculometer consists of an eyehead tacking system that recarded the pant of gaze POG)
and pupl diameter of a peson by using nearinfrared reflection outlines fom the pupi and
cornea. For a detiled desciption of the equpment used i the smulation, see Aoperdix A.

2.2.1 Suppat Pesonnd

The sudy employed tree sinulation pilots. To alow rotation, reseachers trained nine
simulation pilots usng proceduesfrom pag expetiments with addtional proceduesfor VFR
aircraft. One smulation pilot read lack ckamlnces. A secand smulation pilot keyed in entries
sent to the camputer that updaed the movement of the dsplayed arcraft. The third smulation
pilot manudly recaded smulation commands carespanding to clealances. The training of the



simulation pilots lasted 3 weeks. Training included procedures related to simulation pilots
commands and familiarization of smulation equipment. The simulation pilots trained at every
position.

A reseach teamcomposed d areseach psychologist, a human faciors ergineer, and a sulect
meatter expeit (SME) conducted the smulations. The teamcreatd he scearios, conducied the
OTS ratings anl the expenments, performed the dat analyses,and wrote the final techical
report. RDHFL suppat engineess ensured that the hardware and software functioned piopetly.

2.3 Opewtion

During the smulations, a pesonal computer recaded te eye movements. The smulator
software recaded aicraft actvities. Off-line sdtware programsintegrated he FOG dat and the
daia provided ly the smulator. Programs deweloped ly RDHFL software engineeis reduced he
eye movement data and catulated fixation, saccadeblink, and pupl characieristics For each
fixation, the sdtware deermined te radarscope dojects (aircraft, airports, fixes, etc.) within a 2-
inch radius fom the cener of afixation.

24 Desgn

The objective of this sudy was b compare visualscanpaterns of ATCSs duing high and low
task load,presere anl alserce d visualnoise, and presege aml alserce d VFR or IFR
intrusions. The degyn was a 2 X (task bad xoverflight) repeatd neasues tll factorial desgn.
Task load had two levels, low (6 aircraft per 15 mnutes and high (12 arcraft per 15 mnutes,
and there weee scemrios with and without overflights.

24.1 Indepenent Variables

The indepemnlent variables (IVs) were visualnoise, task load,and intrusions. Visualnoise ard
task load dffered betweenscemrios, whereas mtrusion type ctanged wthin scemrios over time.
Eachscemrio consisted of smulated ar traffic of the TRACON nodeled in AT Coachfor
previous expeliments (Guttman etal., 1995)

The experment included scearios with and without visualnoise. In the visualnoise candition,
reseachers modeled overflying arcraft into the sceario as vsualnoise usng primary radar
returns. Inthe no visud noise condition, there were no overflights. Hight stripsfrom an Air
Route Traffic Cantrol Certer (ARTCC) formed te basis for the catulation of the number of
aircraft and the traffic canposition of al overflights.

Thereseach teamvaried taffic volume and traffic frequemy acioss scearios. The low task load
condition had anaverage @ 6 arcraft entering the arspace pefl5 mnutes wth 6 arcraft visible
on the radar screenatany given time. The high task load candition had anaverage ¢ 12 arcraft
per 15 mnutes wth 12 arcraft visible on the radar screenatany giventime. The actial scemrio
compaosition varied depeding on how the ATCS worked the arspace.



The smulations included ntrusons as aicraft making anurscreduled enry into Class C aspace.
The intrusions included loth aircraft under VFR or IFR with specal care given to prevert the
ATCS from anticipating the orset of an intruson. The levels of the intruson 1Vs were no
intruson (basdline), VFR intrugon, or IFR intruson.

The reseach teamcreated eght scemrios reflecing the levels of the IVs [overflights (yes,no),
task load (ow, high), ard intruson type (FR, VFR)]. For a detiled desription of the
experimental and pracice scearios, see Aperdix B. The TRACON usedm these scegrios
consisted of two secbrs (horth ard sauth), worked ky a shgle ATCS. To keep he scearios
redlistic, they, at most, included two intrusons. IFR intrusons only occurred urder the overflig ht
condition.

24.2 Depenlert Variades

Researhers averaged he following ses of depewlert variades (DVs) over 5-minute intervals:

a. Subecive Workload Assessmert. The ATWIT denuce (Stein, 1985)assessed the
workload d the ATCS. The ATWIT measue is a wakload esimate based m a sca
from 1 (very low or no workload) to 10 (extremely highworkload). The ATCS,
prompted ty a bw tone, made a wakload rating ewery 5 minutes. Eachpaticipart made
9 ATWIT ratings in a 45minute scearo alowing catulation of the meanard meximum
rating for eachscemuo.

b. Quesionnaires The eyperimenters usedliree ypes ¢ sef-report questonnaires adayed
from previous experiments. The quetonnaires(see Apperdix C) included arEntry
Questionnaire, Post-Scerario Questonnaire, ard Exit Questonnaire (Abbott, Nataupsky
& Steinmetz, 1987;Guttmanetal., 1995;Sdlenberger & Stein, 1995;Stein, 1992) The
Entry Questonnaire caitained quesions conceming denographic information. The Rost
Scenario Questionnaire contained questions about various aspects of controlling traffic
during a sceario. The Exit Questonnaire provided eedlack almut the experiment.

c. Over-the-Shoulder Raings The reseachteamrated the peformance d the ATCSs for
eachscemro. Theyused adrm that capures a wie range d ATC-related peformance
issues(adaped fom Gutmanetal., 1995) (See Apperdix D.)

d. Performance The aubmated dat reducion module deeloped atthe RDHFL provided
performance da& brokendown by conflicts, complexity, error, communicatons, ard task
load (Algeo ard Pomykacz (1996) Further aralysis used a sibset of these peformance
variales (see Apperdix E).

e. VisualScaming. The cculometer dat formed the tesis for the vaerialdes related to visual
scaming. For eachscerrio ard 5-minute interval, the reseach teamcakulated the
variades in Apperdix F, Table 2. Visualscaming targets weke radarscope, keyboard
area, ATWIT device,flight strip bay, arcraft, static objects, depature list, systemsetings,
preview area,ard Canflict Alert/Low Altitude CA/LA) area. See Apperdix F for a nore
detailed desciption ard information alout the canputation of the visualscaming DVs.




2.5 Procedue

Twelve FPL ATCSs paticipaed nthe experiment during the warkweek. The morning of their
first day consisted of abriefing and a familiarization period. The research team explained the
expeliment, the oculometer, differences letweenATCoachand their own equpment, and the
confidentiality of ATCSs’ identity. They provided annformed cansent briefing, and paticipants
gave averbal commitment to the experiment and their understanding of informed consent
doctrine. The ATCSsthen completed anEntry Questonnaire that included deragraphc
guestons about age,expetience kvel, and need or correctve ghsses.Reseathers asgined he
paticipants to an experimental condition.

After receving instructions about the Letter of Agreenent (LOA) and the Sandard Opeegting
Procedures (SOPs), the ATCSs familiarized themselves with the laboratory equipment. The
laboratory equpment included he 2K disply and the simulation configuration of the secobr.
Then, the ATCSs completed a 20-minute familiarization scenario with the oculometer. After a
break,thefirst of three scearios was un. Eachexpelimental run consisted of seup arl
calbration of the oculometer, a smulation run, and a Rst-Scerario Questonnaire. After the
initial scerario, there was a teak br lunch after which the ATCSs waked wo scerarios with a
30-minute break letweeneachscemrio. The secod dayconsisted of abrief smulation review
followed Ly two scerarios in the morning ard three scearios in the aternoon. Finally, the
paticipantsfille d out an Exit Questionnaire. Appendix G presents a detailed schedule of
activities.

25.1 DataRedudion

25.1.1 Quesionnares

Researhers adnmistered the Entry, Post-Scererio, and Exit Quesionnaires n paperand percil
format and transcribed the respanses mto a speadsleet Reseathers creaed a dat setfor each
guestionnaire.

25.1.2 Over-the-Shoulder Ratings

Reseathers erered the ratingsfrom the OTS questonnaires nto a speadsket The daa set
consisted of SME ratingsof eachATCSfor all eight scerarios.

25.1.3 Visud Scanning Data

The oculometer recaded ey movements in terms of horizontal and vertical positions. The
Magretic Head Tacker(MHT) provided paition and orientation of the head n six degees @
freedon. The sdtware integrated he eye ard head novement data to determine the FOG. The
oculometer identifies he pbne atwhich the ATCSlooked aml recadsthe cardinates relative to
that plane. The sampling rate of the oculometer and the MHT was 60 sailes persecand.
Expelimenters reduced be raw daia and expressedtias fxations, saccadesand blinks. Fixation
characteristics ncluded tme of onset duration, the plne being looked at the aea cwered by
small eye movements within the fixations, and the caordinates relative to the pbne. Apperdix H
contains a desaption of the output after thisfirst stage ¢ datreducion. Saccade caracteristics
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include nformation on the megnitude d the saccade athe awerage \eocity during the saccade.
Researhers sunmarized a nmber of variades deived from the fixation arnd saccade datper
scerarnio ard 5dminute interval. The first data setcontained 8 x12 (scerarios X ATCSs) recads
of the visualscaming sunmary variales perscemro. The recads cotained ATCS ard
experimental condition idertificaions at the sceario level. The secod setcontained 8 x12 x9
(scerarios X ATCSs xintervals) recads d the Msualscaming sunmary variades per5-minute
interval.

The reseach teamintegrated he ey novement dat with simulator information alout static
objects (@rports, VHF Omi-direcional ranges Y ORs), fixes, intersections, ard the systemarea)
ard dynamic objects (@ircraft and the peview area) Apperdix |, Figure -1 displbys a srapstot at
20 minutes nto a hgh task load sceario with visualnoise pesen. Apperdix I, Fgure |-2,
presents the integrated data of the smulator and the oculometer for a smilar scenario.

Figures I3 ard I-4 stow the adwantage ¢ cdlectng objectrelated fixation information. Fgure |-
3 stows the fixations o one paticipart for a 45minute low task load sceario without visual
noise. Althoughone sees amcreased desity of the rumber of fixations abng the urways
(shown in FHgure 1-3), no information is available about how this relates to the fixation
distribution acioss aicraft. Supeimposing the flight pahs d the 20 aicraft in the scearo did
not relate fixation information to arcraft movements. Identifying atarget arcraft (e.g.,
BTA3721)cleaty shows that the ATCS follows that aircraft throughout the arspace Eigure I-4).

25.1.4 Performance Vaiades ad ATWIT

The Dat Reducion & Analysis (DR&A) module procesed raw dat files produced ly ATCoach
ATWIT, ard the canmunications system The DR&A module produced summary, interval, ard
error files for eachscemro. The interval ard sunmary files formed Wwo sepaste daa ses. The
first data setcontained 12 x8 (ATCSs x scemrios) recads that included he sunmary varialdes
cakulated perscemrio. The secod dat setwith 12 x8 x9 (ATCSs x scemrios X intervals)
recads cattained the sunmary varialles catulated per5-minute interval.

2.5.2 Data Analysis

This section briefly describes the data analysis for DV daa sets (ATWIT, questionnaires, OTS
rating form, visualscaming, ard peformance). The shtistical methods useddr the aralysis
include Multivanate Analysis of Variarce MANOVA) ard Analysis of Variarce ANOVA). The
MANOVA comparesaweragesfor several variades smultareoudy, tests if these aeragesare
different due b charce abne, ard includes he efects d more thanone DV. After a sgnificart
result of a MANOVA, researcchers conducted ANOVAS to investigate individualDVs.

The ANOVASs compare aeragesof a sngle varialde betweenmultiple conditions ard deermines
if these aerages a diferent due b charce abne. A difference etweenmears is significar if
there is a very high probabilit y that the means are actudly different. For general concepts in
statistics aml more detiled information alout the sttistical methods usedn this study, see
Apperdix J



2521 ATWIT Ratings

For the aralysis conceming the suljective ratings researchers used a MANOVA on maximum ard
meanATWIT ratings This MANOVA, dructured asa 2 x2 (Tak load xVisual noise) repeated
measues degin, addessedte diferences acnss scearios.

2.5.2.2 Quesionnaires

The Entry Quesionnaire cantained quesions alout paticipart backgound ard importance d
provided aispace ad arcraft information. The aralysis of the Entry Quesionnaire daa consisted
of the catulation of mears ard sardard devations (SD).

The Post-Scerario Questonnaire cantained gereral quesions alout the smulation, ATCSs’
perceived Stuaton Awareress (SA), ard NASA TLX itens. If the MANOVA showed satistical
significarce, subsequen aralysesincluded ANOVAs on the individualvarialdes. The aralysesof
the SA ard NASA TLX itenrs followed he sane patern as he aralyses d the gerral quesions.

The Exit Questonnaire cdlected ATCSs’ impressons o the experiment. The aralysis of the Exit
Questonnaire dat consisted of the catulation of mears amd Ds.

25.2.3 Over-the-Shoulder Ratings

The OTS ratings cansist of quesions relating to six cakegaies: Maintaining Safe ard Efficient
Traffic How, Maintaining Attention and SA, Prioritizing, Providing Control I nformation,
Techmical Knowledge,ard Canmunicaion. The reseachers canpared OTS rater respaisesin a
two-way, 2 x 2 pverflights x task load) fashion.

25.24 Visud Scanning

Three MANOVASs tested he hypothesesrelated to the clargesin visual scaming. The first
MANOVA addessed visual scaming differencesacioss scerarios ard wasa 2 x2 repeatd
measiresaralysis (overflights x task load). The cand MANOVA addessed the diferences
between 5-minute intervals in Smilar scenarios that contained VFR intrusons and the
corresponding interval without intrusons. It wasa wo-way repeaed neasiresMANOVA (i.e.,
2 x5 [VFR preserce xconditions]). The third MANOVA investigated diferencesbetween
intervals in smilar scenarios that contained IFR intrusons and the corresponding intervals without
intrusons. This MANOVA wasof a 2 x5 (IFR preerce xconditions) desgn.

25.25 Performance Sores

The four cakegaies o varialdes related to pefformance ncluded caiflicts, sepaation, complexity,
ard canmunicatons. Four sets of MANOVASs tested he hypothesesrelated to performance
scoreson selected peformance \ariabdes. These MANOVAS addessed the diferencesacioss
scerarios ard were of repeaed nmeasues 2 x2 (overflights xtask load) desgn.



3. Reslts

Analyses d the Entry and Exit Quesionnaires cansisted of the catulation of the mears ard Ds.
Analysesof other dat sets involved MANOVAS and ANOVASs when appopriate. Apperdix K
preseis overal averages ér DVs usedn inferential Satistics.

31 ATWIT

The ATWIT device recaded ATCSratings aml the anourt of time it took the ATCSto respand
(latencies) Reseathers catulated the meanand maximum ATWIT rating and latency for each
scerario. Correlations betweenthe meanand maximumon-line ATWIT ratings aml the post-
sceranio TLX workload ndicated what drives he pcst-scerario percepion of workload. This
report only preserts the resuks of the aralyses o meanand maximumATWIT ratings (Figure 1)

arl| al
ar2 | a2
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ard | a4 er—rrrrg))(( ar nex
ar5| a5 || Compute = Analyze =
5| [comp> [ ST [~ (2

ar7 | a7 a_mean
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arfil:  ATWIT Rating for interval [i]
ali]l:  ATWIT Latency for interval [i]

Figure 1. Derivation of ATWIT variables from raw ATWIT scores.

The MANOVA of the ATWIT ratingsincluded he meanand the maximum of the ratings within a
scerario. The efects of increasing task load aml introducing visualnoise interacted |A = .70,
F(2,21)= 4.45,p < .05] (Apperdix L, Table L-9). The efectof visualnoise was ot significart
as a snple effect(Table L-9).

Resarhersincluded loth the meanand the maximum ATWIT rating items in the MANOVA.
To ensure an overall adphalevel of .05, the adyged apha was.025 or the ANOVAS.

3.1.1 MeanATWIT Raling

Underhigh task load canditions, the meanATWIT rating was gynificartly higher than underlow
task load conditions [F(1, 22) = 92.37,p < .05] (Figure 2) The pesere d visualnoise dd not
significartly affectthe meanATWIT ratings.
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Figure 2. Mears ard s of meanATWIT ratings as aunction of task load.

3.1.2 MaximumATWIT Rating

The efects of introducing visualnoise ard increasng task load a1 the maximum ATWIT rating
interacted [F(1, 22) = 9.19,p < .05] (Apperdix L, Table L-10). The smple effects slowed that
the efectof task load a the maximum ATWIT rating was stonger underthe no noise candition
(Table L-11). There was o significart effectof the preserme d visualnoise on the maximum
ATWIT rating for both task load levels (Figure 3).
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Figure 3. Means and SDs of maximum ATWIT ratingsfor load-visua noise combinations.

3.1.3 Correation BetweenMeanand MaxmumATWIT Ratings aml TLX

The past-scerario TLX items stowed hgher correlations with the meanATWIT ratingsthan with
the maximum ATWIT ratings Both the mean and maximum ATWIT rating showed the highest
correlation with the TLX item on mental denand (r = .71 ard r = .50, respecively). Table K-3,
Appendix K, presents a detailed correlation matrix.

3.2 Questonnaires

3.2.1 Entry Questionnaire

The Entry Quesionnaire inquired alout patticipants gereral backgiound and preferences &
information available on aircraft and radarscope. When asked ¢ indicate anLOA or level of a
modalty, patticipants chose from a dscrete 10point scaé.

The 12 paticipants averaged 37 gass of age,amost 12 years of ATC expelience,and over 8
yeass attheir TRACON. Onethird of the paticipants used corecive lenses duing the
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experiments. These wlunteess actvely controlled traffic for anaverage ¢ 115 months during the
last 12 maths. Their self-rated ATC ill level was high, and they perceived a moderate stress
level. Their motivation ard curent state o heath were good. Theyindicated noderate
prefererce pwards \ertical sepaation, less pefererce bwards \ectoring, ard no level of
prefererce bwards speed aurol. The sel-rated level of expelierce wih videoganes was dw.
Table 1 pesens detiled values br the nears ard SDs for the gerral backgound varialdes.

Table 1. General Background Questions (N = 12)

Variable Labdl Mean SDs
Age 3742 3.55
Lenses 0.33

ATC Experience 1167 4.38
Present TRACON Experience 8.42 4.62
Active Control last 12 Months 1150 1.73
ATC ill 8.25 1.22
Stress 5.50 2.15
Motivation 7.42 2.1
Health 8.58 1.16
Vertical Separation Preference 6.75 1.36
Vectoring Separation Preference) 5.67 1.30
Speed Separation Preference 4.83 1.64]
Video Game Experience 342 2.15

Table 2 presents the ratings for several arcraft-related variables sorted from most important to
leastimportant. The ATCSs rated the curent akitude,curent location, ard assyned atitude as
the three nost important pieces & information alout the arcraft. Leastimportant were ertry fix,
exit arspeed,ard beaca code.

ATCSs indicated hat airports, secbr boundaiies, Instrument Landing System (ILS) appoactes,
restricted aea lundares,ard ILS auter-marker information were most important. Less
important were conflict alert, holding patern, ard systemclock information.

Table 3 pesems detiled information on the ATCSratings d important radarscope nformaton.
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Table 2. Importance of Aircraft Information (N = 12)

Variable Labd Mean SDs
Cument Altitude 933 0.89
Cument Location 9.33] 0.9
Assigned Altitude 917/ 1.03
Arrival Apt. (within sector) 8.67 1.5
Call Sgn 833 345
Departure Apt. (within sector) 8.5 2.30
Near Exit Fix/Arrival Apt. 817 212
Type 792 188
Density 7920 131
Exit Altitude 758 1.88
Waiting for Hand-off/Release 742 2.15
Assigned Heading 733 156
Current Airsped 717 175
Assigned Airsped 7.000 148
Current Heading 6.92 193
Entry Altitude 6.58 2.97
Exit Fix 6.58 1.88
ATCS Ownership 6.36) 3.80
Holding/Spinning 6.17] 2.25
Entry Airspesd 558 231
Entry Fix 4.92| 2.5
Exit Airspeed 475 245
Beacon Cade 458  3.26

Table 3. Importance of Radarscope Information (N = 12)

Variable Label Mean SDs|
Airparts 8.83 1.47
Sector Boundaries 8.83 1.40
IL S Approaches 8.75 1.48
Restricted Area Boundalies 8.8 1.51
IL S Outer Marker 8.50 1.68
Runways 7.75 2.18
Fixes 7.50 2.15
VORs 7.42 2.35
Future Act. List 5.50 243
Range Rings 5.33 2.67
Obstrudions 5.33 2.46
Filter Settings 5.33 231
Conflict Alert 5.33 3.70
Holding Pattens 4.67| 2.50
System Clock 4.08 2.75
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3.2.2 Post-Scerario Quesionnaire

The Post-Scerario Questonnaire caitained eght gereral questons conceming realsm,
represemativeness, ATWIT interfererce, oculometer interfererce, simulation pilot respaisiveness,
working herd, qualty of control, ard difficulty. Table K-1, Apperdix K, presens the nears ard
SDs for these quesbns.

The aralysis investigaied f a diference n ATCS respanse @curred whentask load clarged fom
low to high or when the scenario dhanged from having no visud naise to having visud noise. If
the aralysis stowed hat the expelimental conditions did afectthe gemral questons significartly,
the subsequem amalysesconsisted of ANOVAS on individual variades.

The efects d increasing task load aml introducng visualnoise an the respases o the gerral
post-sceranio quesions interacted sgnificartly [A =.41,F(8, 15) = 266, p < 05] (Apperdix L,
Table L-1). Because fthis interacion, reseachers aralyzed vsualnoise impactunder both low
ard hightask loads ad akotask load wih or without visualnoise. The efectof increasng task
load o responses b general post-scerario questions was sightly stronger in the alserce d visual
noise [\ = .04,F(8, 15)= 4430 versus/\ = .08,F(8, 15)= 2208, p < 05,0r n = .98 wersus
.96, respecively]. The efectof introducing visualnoise was oly significart under high task load
conditions [A = .41,F(8, 15)= 265, p < 05].

Becaus the MANOVA results indicated that the eyperimental conditions affected the gerral
post-scerarnio questons, reseachers aralyzed eaclof the quesbns individualy. To maintain an
overall alpha level of .05, the reseachers adyusied he apha level to .0064 br the aralyses
Without the adyustment of the apha level, the sequece d sulsequem unvarate aralyses nay
allow the overall probability of error to creep upward. Fgure 4 presents the means and SDs for
the eght gerera post-scerario quesions.

12

10 T - T
I - 7 e
81T 7
/ 7
6 [ | _ gl %
4 2 I T TT %I %
2 I ly 1 g él %
) A M A %
Realism Representa- ATWIT Oculometer Simulation ~ Working Hard Control Quality  Difficulty
tivenes Interference Interference Pilot
Performance
ONo Viswd Noise, Low Task Load No Visua Noise, High Task Load
OVisual Noise, Low Task Load M Viswa Noise, High Task Load

Figure 4. Gerera post-scerario questons as a finction of task load aml visualnoise.
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. Realsm ard Repesenativeness

Visud noise made the scenarios dightly more redlistic athoughnot gatistically signific ant.
The scearios wek equally represenative of anawerage dayatthe TRACON. Although
not statisticaly significart, ATCSs indicaied hat the low task load scearios wee more
realstic thanthe hightask load scearios.

. ATWIT ard Ocubmeter Interferernce

The ATCS perceved little interfererce fom the ATWIT devce. The equpmert bothered
themewenless wtenthe task load wasdw. The cculometer hardly interfered, but more
thanthe ATWIT devce. The ATCSs dd not perceive that increasedask load caused an
greaer oculometer interfererce. Visualnoise in the scearo reduced he peceied level
of interfererce causedybthe aculometer, athoughnot significartly.

. Simulation Pilot Responsiveness

The perceived qudity of the Smulation pilot responses was very high. Increasing task
load reduced be peceved quaity of these espases,but not significartly. Introducing
visualnoise dd not alter the pecewved quaity of the respases.

. Working Hard

The efectof increasng task load an the pecepion of ATCSs an how hard they worked
during the smulation depeded o the preserce d visualnoise [F(1, 22) = 924, p < .05]
(Tade L-2). Researhers deermined smple effects. ATCSs felt they worked harder
during hightask load erarnos [F(1, 22) = 29666, p < .05]. The ncreasen perceived
workload due & anincreasen task load was smller whenvisualnoise was pesen than
whenit wasalsent.

. Qudity of Control

Participants perceived that their control quality was lower under high task load conditions
[F(1,22)= 1444,p <.05] (Table L-3). Under high task load conditions, visud noise led
to anincreasen peiceived quaity of control, athough not statisticaly significart. Under
low task load caditions, visualnoise dd not affectthe pecewved quaity of peformance.
The introducton of visualnoise stowed a terd toward anincreasen peiceved quaity of
control, although not significartly.

Difficulty

The efects d increasing task load aml introducing visualnoise an perceived simulation
difficulty interacted [F(1, 22) = 1121, p < 05] (Tabe L-2). Visual noise itself did not
affectthe pecewved difficulty, but it akered the efectof increasng task load. Introducing
visualnoise increasedhe peceived difficulty underlow task load canditions, but it
reduced he peceived difficulty under high task load canditions.
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g. Situaton Awareress Quesbns

The four post-scenario questions involving SA estimates included overall SA, current
aircraft locaton SA, projected arcraft (A/C) locaton SA, ard paentia violation SA. The
post-scerarnio questons that addessedhie ATCSs’ SA stowed a naltivaniate significarce
for the efects o increasing task load |\ = .32,F(4, 19)= 1031, p <.05] ard introducing
visud noise [A = .55,F(4, 19)= 386, p < 05] (Tade L-4). The MANOVA on SA
related questions involved responses for four questions. To mantain an overall alpha level
of .05, the adysted apha level for the aralyses o individualquesions was.013.

The ATCSs edimated their SA higher underlow task load hanunder high task load
conditions [Overall SA, F(1, 22) = 2519, Current A/C Locaton SA, F(1, 22) = 4298,
Projecied AIC Location SA, F(1, 22) = 3285, Paential Violations SA, F(1, 22) = 1303,
al p < 05] (Tade L-5). Fgure 5 summarizes he nears amd Ds.
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Figure 5. Mears ad s for SA post-scerario questons as a finction of task load.

Visualnoise afected mly the SA quesion conceming pdential violations [F(1, 22) = 1463,
p < 05] (Tabe L-6). ATCSs percewved that they had a letter SA for potential violations (Figure
6) in the presere d visualnoise.
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Figure 6. Mears ard s for SA for patential violations as a @inction of visualnoise.
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3.2.2.1 Post-Scerario TLX

The itens o the NASA TLX were mental, physical, ard temporal denand; pefformance; effort;
ard frudration. The MANOVA on these itens displayed a sgnificart effect of increasng task
load [A = .06,F(6, 17)=4517,p < 05]. To ersure anoveral alpha level of .05, the adyusted
alpha was.0085 br the ANOVAs on al sx itens.

The mental, physical, ard temporal denand; level of effort; ard frustration were higher under high
task load conditions than low task load conditions [F(1, 22) = 22227,4191, 9995, 2384, 8005
respecively, al atp < 05]. The peformance kbvel waslower under high task load hanunder
low task load conditions [F(1, 22) = 8.72,p < 05]. Table L-8 preserts detiled ANOVA results
for the efectof task load. Figure 7 pesers the nears ard Ds o the individual TLX itens.
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Figure 7. Mears ard s for post-scerario TLX itens as adnction of task load.

3.2.3 Exit Questionnaire

After the eght expelimental scemurios, the paticiparts completed anExit Questonnaire
(Apperdix C). The Exit Questonnaire cdlected heir opinions on topics covered in the Rost-
Scerarno Questonnaires. The ATCSrated eachitemon a scat rom 1 to 10. The overal realsm
of the scearios was mderately good. The paticiparts perceved the scearios as a roderately
realstic represemation of anawerage dayat their TRACON. The paticiparts felt that the
ATWIT device hardly interfered with controlling traffic. The oculometer interfered mare than the
ATWIT devce, but the level of interfererce wasdw. The smulation pilots pefformed exrenmely
well. The hands-on training was adequat(Talde 4).

Table 4. Exit Questonnaire (N = 12)

Variable Label Mean SDg
Realism 6.42 1.4
Representative 5.67 2.15
ATWIT interference 1.58 0.90
Oculometer interference 3.17 255
Simulation pilot performarce 9.33 0.98
Training adequacy 8.91 1.14
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3.3 Over-the-Shoulder Evaluaion

3.3.1 Raitings

The OTS rating form contained three set of quesions. The first concemed ATCS peiformance.
The secod setconsisted of sebcted tems from the Rost-Scerario Questonnaire. The third setof
guestonsincluded he sk items of the NASA TLX. Reseathers aralyzed eaclof these goups
of quesions separately.

The gemral OTS ewdluaion consisted of quesions related to Maintaining Saé and Efficient
Traffic Flow, Maintaining Attention and SA, Prioritizing, Providing Control Information,
Techical Knowledge,and Canmunicaton.

Traffic load manipulation affecied al questons related to Maintaining Safe and Efficient Traffic
Flow. Unde hightask load conditions, the OTS rater evaluated maintaining separation and
resolving paential conflicts lower and ATCSs sequerced arival and depature arcraft more
efficiently (Figure 8)

OFRPNWhUITONO©

Maintaining Separation and Resolving ~ Seqencing Arrival and Departure Aircraft Use Control Ingtruction Effectively
Potential Conflicts Efficienty

OLow Tak Load M HighTask Load

Figure 8. Mears ard s for traffic flow related quesions as a @inction of task load.

Task load manipulation affected all questions related to Maintaining Attention and SA (Figure 9).
With increasing task load,the paticipants maintained awaeness é arcraft positions less lut
ensured positive control. Also, detection of pilot deviations from control instructions was less
likely, and ATCSs carected her own erorsin aless tmely manner.

Maintaining Awareness d Aircraft Ensuring Posive Contol Detecing Plot Deviations Carrecing Own Errors

Fositions OLow Tak Load W High Ta Load

Figure 9. Mears ard s of variables related to maintaining atention and SA as a dinction of
task load.
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Task load nanipulation affected al questons related to Prioritizing. The OTS rater indicated hat
all prioritizing-related variades showed a bwer performance urder high task load Figure 10)
Howewer, meanratings ndicated hat overall obsewers lbelieved peformance was a the top third
of the sca.
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Ta&king adions in an Preplanning contral actions Handing control task for Marking flight strips while
appropriate order of several AIC peforming other tasks
importance
OLow Task Load W High Task Load

Figure 10. Mears ard SDsfor variades related to prioritizing.

The visualnoise manipulation affected peplnning control actons. Participarts stowed lketter
preplnning whenvisualnoise was pesem thanwhenvisualnoise was abert (Figure 11)

No Visual Noise Visual Noise

N DO
|

Figure 11. Mears ard SDs for preplnning cantrol acions as a @inction of visualnoise.

The section in the OTS rater’s form on Providing Control I nformation provided essential ATC
information. An increase btask load bwered the OTS rater peicepion of the quaity of
providing essential ATC information (Figure 12).

B

Low Task Load High Task Load

ON O O

Figure 12. Mears ard SDs for providing essetial ATC information as a @inction of task load.

The dosewner perceived a deceasen providing addiional ATC information as &sk load
increased.In the alserte d visualnoise, increasing task load reduced be anount of addtional
ATC information provided Figure 13)
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Figure 13. Mears ard SDs d providing addiional control information as a tinction of task load
ard visualnoise.

The quesions on Tecmical Knowledge cansisted of showing knowledge d LOAs ard SOPsard
showing knowledgeof aircraft capabilities and limitations. Neither task load or visud noise
affected he respmses b these quesbdns.

The issues related to the qudity of ATCS Communications were usng proper phraseology,
communicating cleatty ard eficiertly, ard listening for pilot readlacks ad requess. Clarity,
efficiercy, ard the quaity of listening for pilot readlacks deaased vih increasng task load
(Figure 14) athoughthe OTS rater did not notice a diference n the u® o proper phraseology.
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Communicating dearly and Listening for pilot readbacks
efficiently and requests

Figure 14. Mears ard SDs for variales related to communicaion as a @inction of task load.

Figure 15 pesets the nmears ad Ds d the sk NASA TLX itens, which are the dosewver's
esimates o paticipart workload dmensions. An increasen task load ncreasedhie peceived
level of Mental Demand, Frudration, Physical Demand, Tempora Demand, and Effort. The
presere d visualnoise reduced be task load efects for Mental Demand ard on Frustration ard
lowered the level of Performance under high task load.
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Figure 15. Mears ard SDs o OTS NASA TLX itens by task load aml visualnoise.

3.3.2 Comments Reéted to Class C Arspace Volations

The OTS rater comments piovided \alualle information alout how ATCSs dea with the
incursions. Accarding to FAA Order 711065J(FAA, 1996) ATCSs mud attempt to edablish
two-way radio communicatons with ary aircraft ertering Class C aspace. This study reveakd
that only a ew ATCSs carecty followed this order. The desaiptions below are sunmaries d
the commaents on the four questions related to controller SA made by the OTS rater.

Scerario 1, a bw task load smulation with visualnoise presen, contained one VRR incursion ard
one IFR incursion. The VAR incursion flew through Class C arspace a,500 eet The IFR
incursion skimmed the top of Class C arspace at7,000 ket Several of the ATCSs did not
ackrowledge he presere d one a both of the intrudes. The ATCSs that did recaynize he
incursion of their airspace dsplyed a wde \eriety of acions after the deecion of anincursion.
The ATCS often recagnized te VIR intrudess, issued he ntruderas taffic to other aircraft, but
did not attempt to establish two-way communications. Other ATCSs called local control or the
tower to inform themalout the presere d a VIR intruderin Class C aspace. Actions taken
after detecting the IFR intrude ranged from calling the ARTCC for information about the
aircraft, to a@tempting to establish two-way radio communications.

Scerario 2, a hghtask load smulation with visualnoise presenm, contained one VAR ard one IFR
Class C appace ncurson. The VIR incursion aircraft took off from anarport justoutside d
Class C arspace ad flew into Charlie arspace a,500 ket The IFR incursion aircraft
desceded fom high altitude nto Class C aspace wihout amouncing itsef. Before it becane a
Class C violator, the arcraft contained neither alimited nor afull data block. Several of the
ATCSs failed to detectthe incursions into Class C aspace. The dosewner indicated hat “most of
the time, the intrude’ s limited daa block was near the full data block of another aircraft.” Some
ATCSs moticed he incursions ard took appopriate acton. They caled adacen secbrs, tried to
estblish two-way radio communications, ard issue e intruderas taffic whenappopriate.
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Scerario 3, a bw task load sceario without visualnoise, contained two VFR intrudes. Ore d
the intrudess ertered Class C arspace a3,000 et The aher intruderdid not acualy erter
Class C appace It was taffic for other aircraft. Most of the ATCSs recagnized he VFR
incursion into Class C aspace,ard sewra of themcoordinated with the tower or issued he
intrude as traffic to other arcraft.

Scerario 4, a hghtask load sceario without visualnoise, contained two VFR incursions of Class
C arspace. This simulation contained two VFR intrudess. The first intruderertered Class C
airspace at3,500 eetfrom a ©uthweg direction. The aher intruderertered Clas C arspace at
2,500 eetfrom a rortheas direction. Seeral of the ATCSs did not ackrowledge me d the
intruders as t flew through Class C aspace eenwhenit passed @arother arcraft as taffic.
Some of these A'CSs recagnized anintruderonly atter it passedhrough Class C aspace. Other
ATCSs saw bth intrudess ard issued hemse\eral times as taffic to other arcraft.

Scerario 5, a bw task load smulation with visualnoise presem, contained two IFR Class C
incursions. The first incursion deserded fom 9,000 ketto 7,000 fet(the cdling of Class C
airspace or this TRACON) ard cane in from a rorth/northeastdirecion. The secod incursion
deserded fom 8,500 ketto 7,000 ketfrom a uthwed directon. Both IFR intruders were
partt of the igh akitude orerflights that simulated the visualnoise. Before becaming anintruder,
the arcraft contained neither limited nor full aircraft. Some of the ATCSs did not detect one or
both of the intrudess, athoughthe traffic load wasight. Other ATCSs roticed anintruderonly
after it had passedhrough Class C aspace. The respase d ATCSs that noticed he intrudess
varied from calling adjacen secbrs o inquire alout aircraft, to esablishing two way
communications, ard to issung traffic whenappopriate.

Scerario 6, a hghtask load sceario with visualnoise presem, contained two IFR Class C
airspace mcursions. This simulation contained two IFR intrudess that dropped fom a higher
aktitude davn to 2,000 ketinto Class C arspace fom a Suth/South-West direction. The OTS
rater indicated hat many of the ATCSs dd not notice ae a both of the IFR incursions into Class
C argpace. In same casesan ATCS detected anintruderatter it had passedhroughClass C
airspace. (The intruderwas fnally idertified alout 10 miles before exiting the airspace) In this
high task load sceario, sewera controllers had operational errors that involved anlFR intruder.
(The s=cand intrudermerged wth arother arcraft at 3,500 eetwithout a traffic advsory being
issued) Some of the ATCSs deecting one a both of the IFR incursions contacied he tower, but
other ATCSs did na take further action.

To assessdw many ATCSs missed mtrusions, reseachers reviewed he OTS rater comments arul
tallied the number of intrusons the ATCS issued as traffic, inquired with other facilit ies about,
tried to contact, or otherwise ackmowledged e intruder. Figure 16 pesers the resuks. Of the
eight scemrios, six included ncursions into Class C aspace. Four of these scesrios cattained
high atitude oserflights as wsualnoise. There wee three scearios d eachtask load kevel.
Althoughthe rumber of obsewations was ot equaly distributed acoss caditions, reseachers
cakulated the pioportion of controllers that either missed bth incursions, picked up oe d the
incursions, or picked up bth incursions (Figure 16) In eachof the canditions, atleastl o the
12 paticipaing ATCSs missed oe d the intrudess. In the exreme case bhigh task load aml
presere d visualnoise, one fifth of the ATCSs deected loth intrudess.
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Figure 16. Percert of ATCSsthatindicated deecion of the Chss C aspace volations.

3.4 Visud Scanning

The sunmary variables for 5-minute intervals formed he basis for the visualscaming dat set
The 5minute intervals erabled rejection of a sngle interval without loosing the canplete
simulation. Reseathers replaced be variable values br that rejected nterval with the average
valuesacioss dl conditions for thatinterval. Of 864 ntervals (12 paticipants x 8 £erariosx 9
intervals), the reseachersrgjected 15 ntervals due o alow number of saccadedéss ban 200
saccadesiia 5minute interval) and 10 ntervals due ¢ a high number of saccadesnfore than 800
saccadesia 5minute interval). For all rejected ntervals, reseachers sulstituted the visual
scaming variables by overal 5-minute interval mears. Therefore, the number of summary dag
points presented in the Results Secton is 864 pased an 12 (patticiparts) x 8 (scerarios) x 9
(intervals) = 864] The 5minute interval dat formed te basis for the simmary dat per
scemario.

The visualscaming variables represemed three bvels of detil. Thefirst level included geeral
characteristics of fixations, saccadegblinks and pupl diameter. The scand level included
characteristics d fixations by scer pbne: the radarscope,the ATWIT parel, the flight progress
strip bay, and the keyoard/mouse aea. Thethird level included claracteristics d fixations on
radarscope dojects: aircraft, low akitude anl canflict alert areas,system area,tab list, static
objects (airport, rurways, fixes, VORS), and preview area. The following sectons discuss eachf
the levels.
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34.1 Gereral Eye Movement Characteristics

Varialdes reflecting gereral eye novement characteristics ncluded ixations, saccadedjlinks, ard
pupi diameter. The variades usedd aralyze dfferences n gereral eye novement characteristics
between conditionswere

number of fixations,
meanfixation duration,
meanfixation area,
visualefficiercy,
meansaccade dation,

-~ 0o 2 0 T p

meansaccade dtarce,
eye notion workload,

> @

meanpupi diameter,

motion workload,

J. - number of blinks,

k. meanblink duration, ard
l.  meanblink distarce.

Appendix F presents ddinitions for several of the general eye movement variables. Appendix L,
Table L-12 pre<rts the results of the MANOVA. The anly effecton gereral eye novement
characteristics was dued the task load manipulation [A = .35, F(5, 18) = 668, p <.05]. The
readersiould bearin mind that the DVs usedri the nultivanate amalyses ae sanewhat
correlated. The carelations etweenthe DVs usedn the nultivariate amalysis do not reacha
level where ane o the varialdes is redurdart. Table L-13 $ows the detils of the ANOVA
resuks for the efect of task load a1 gerera eye novement characteristics.

To mantain an overal alpha of .05 with 11 DVs,the adysted apha usedn the unvariate
ANOVAswas.0047. Increasng task load a introducing visual noise dd not affectthe rumber
of fixations. Only meanfixation area slowed a gjnificart increase btweenthe low ard the high
task load conditions [F(1, 22) = 1954, p < 05] (Figure 17) Althoughintroducing visual noise
affected low muchthe fixation area ncreased vih task load, this interacion did not reach
statistical significarce.
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Figure 17. Mears ard SDs d fixation area as aunction of task load aml visualnoise.

Althoughsaccade diarce deceased as afiction of task load, it did not reachstatistical
significarce (Figure 18)
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Figure 18. Mears ard SDs d the saccade sfarce as aunction of task load aml visualnoise.

3.4.2 Scere Hare Fxations

The scep phre fixation variades included he rumber ard duration of fixations an the
radarscope, flight strip bay, ATWIT devce, ard keyoard aea. The MANOVA results showed
aninteracion betweenload aml visualnoise [\ = .25,F(4, 19) = 14.20,p < .05] on scer phre
fixation characteristics (Talde L-14).

To mantain an overall alpha level of .05 with eight varialles, reseachers usedtie adysted apha
level of .00639. Table L-15 preserts the ANOVA results for the interacton betweenthe efects
of task load aml visualnoise.

The introduction of visualnoise interacted sgnificartly with the efectof increasng task load m
the rumber of fixations on the radarscope [F(1, 22) = 1562, p < .05]. The number of fixations
on the radarscope wihin a sceario was higher whentask load wasdw. The rumber of fixations
on the radarscope wasdrger whenvisualnoise was pesen underlow ard snaller under high task
load conditions (Figure 19).
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Figure 19. Meanard SD of the total number of fixations an the radarscope as aunction of visual
noise ard load over a 45minute sceario.

Increasng task load aml introducing visualnoise interacted or duration of fixations an the
radarscope [F(1, 22)= 1749, p < 05]. The meanfixation duration on the radarscope n the
alserce d visualnoise was gher for low task loads hanfor high task loads. The presere d
visualnoise reversed this effect, ard the meanfixation duration increased uder high task load
conditions (Figure 20)
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Figure 20. Meanard SD of fixation duration on the radarscope as aunction of visualnoise arl
task load.

The load aml visualnoise interacion effectfor the rumber of fixations on the flight strip bay [F(1,
22)=1472,p < 05] was ggnificart. The rumber of fixations an the flight strip bay stayed he
sane urderlow ard high task load canditions whenvisualnoise was abert. Whenvisualnoise
was pesen, the rumber of fixations an the flight strip bay increased uder high task load
conditions. Whenthe task load wasadw, the introducion of visualnoise charged te rumber of
fixations on the flight strip bay only marginally. Under high task load, the introdudion of visud
noise introduced a sudbantial increasen the rumber of fixations on the flight strip bay (Figure
21).
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Figure 21. Meanard SD of number of fixations an the flight strip bay as a @inction of visual
noise ard task load.

Task load aml visualnoise manipulation did not interact for the durtion of fixations an the flight
strip bay. The fixations were sgnificantly shorter in duration for high task load conditions than
for low task load conditions [F(1, 22) = 3695, p < 05] (Figure 22)
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Figure 22. Meanard D of the meanfixation duration on the flight strip bay as a @inction of task
load.

Increasng task load sgnificartly increasedhe rumber of fixations an the keypoard area

[F(1, 22) = 13155, p < 05] (Figure 23) The rumber of fixations on the keyoard ara ncreased
by appoximately 41% Increasng task load a introduchng visualnoise dd not affectthe rumber
or the dumation of fixations an the ATWIT device a the fixation duration on the keyooard area.
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Figure 23. Mears ard SDs d the rumber of fixations on the keypoard area as aunction of task
load aml visualnoise.
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3.4.3 Radarscope Fxations

The charges n the fixation characteristics a objects an the radarscope due o task load aml
visud noise were nat independent [A = .15, F(1, 22) = 1920, p < 05] (Tade L-16). Because b
the interaction betweenvisualnoise ard task load ncreasefeseachers catulated nmultivariate
simple effects. The apha level after adpustng for the 10 DVs b maintain anoverall alpha d .05
was.0051.

The efects d increasing task load aml introducing visualnoise an the rumber of fixations an the
systemarea nfluerced ae arother [F(1, 22) = 1054, p < 05] (Tade L-17). There wee fewer
fixations on the systemarea umler hightask load. Introducing visualnoise reduced he rumber of
fixations on the systemarea. This reduction was &ss ponounced umler high task load canditions
(Figure 24)
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Figure 24. The rumber of fixations an the systens aea as aunction of task load aml visual
noise.

Increasng task load resuked n a sgnificart [F(1, 22) = 4409, p < 05] deceasen the fixation
duration on the yystemarea Figure 25 ad Apperdix L, Table L-18). Introducing visual noise
did not significartly aker the duation of fixations an the systemarea.
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Figure 25. Meanfixation duration on the systens aea as aunction of task load.

The meannumber of fixations on static objects stowed aninteraction effect of the manipulation of
task load aml visualnoise [F(1, 22) = 5826, p < .05]. Underhigh task load canditions,
introducing visualnoise dd not significartly charge the rumber of fixations an the systemarea.
Under low task load conditions introdudng visud noise sgnific antly reduced the number of
fixations on static objects (Figure 26) ATCSs spehmore time scaming moving objects when
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visualnoise was pesenm, but the rumber of arcraft under control was bw. The impactof these
overflight arcraft targets an scaming is less wlen ATCSs ae ateadybusywith more denanding
traffic for which they are respansible.
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Figure 26. Meannumber of fixations an static objects as adnction of task load aml visualnoise.

The efects d the ntroducion of visualnoise ar the increase btask load a the duation of
fixations on static objects interacted [F(1, 22) = 1291, p < .05]. Under low task load conditions,
the fixation duration was bngerwhenvisualnoise was abert. Under high task load canditions,
the fixation duration increased vih the introducion of visualnoise (Figure 27) ATCSs fixated
on fewer objects for longer peiiods. The visualnoise introduced a aed b be more sekcive ard
concertrate nore.
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Figure 27. Meanfixation duration on static objects as adnction of task load aml visualnoise.

The meannumber of fixations an the tab list showed aninteracion betweenthe task load aml the
visud noise manipulation [F(1, 22) = 2085, p < 05]. Inthe alserce d visualnoise, increasng
task load kd to a reducion of fixations on the tab list. The presere d visualnoise reversed tis
effect (Figure 28)
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Figure 28. Meannumber of fixations an tab list as a @inction of task load aml visualnoise.

The meanduration of fixations on the tab list did not charge sgnificartly betweenconditions.
Shorter fixation duration underlow task load canditions in the presere d visualnoise slowed a
trend, but it was not gatistically significant (Figure 29).
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Figure 29. Meanfixation duration on tab list as a @inction of task load aml visualnoise.

The meannumber of fixations an the peview area dd not stow a sgnificart interacion between
increasng task load aml introducng visualnoise. An increasen task load kd to a sgnificart
[F(1,22)= 1370, p < 05] reducton of the rumber of fixations an the preview area Figure 30)
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Figure 30. Meannumber of fixations an preview as a @inction of task load.

Introducng visual noise led to a sgnificart [F(1, 22) = 2640, p < 05] reducton in the rumber of
fixations on the preview area Figure 31)
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Figure 31. Meannumber of fixations an preview as a @inction of visualnoise.

Researhers cauld not study the efects o task load aml visualnoise manipulation on the rumber
of fixations an aircraft indepemlertly becauseliey interacted sgnificartly

[F(1, 22) = 4685, p < 05]. Underlow task load canditions, introducing visual noise dd not
significartly charge he rumber of fixations an arcraft. Underhightask load canditions,
introducing visualnoise reduced be rumber of fixations on aircraft (Figure 32)
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Figure 32. Meannumber of fixations an aircraft as a @inction of task load aml visualnoise.

An interacion betweentask load aml visualnoise manipulation exsted for the fixation duration
[F(1, 22)= 2822, p < 05]. Introducing visual noise urder low task load canditions led to a
redudion in the mean duration of fixations. Under high task load conditions, introduang visud
noise resuked n anincreasen the meanfixation duration (see kgure 33)
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Figure 33. Meanfixation duration on aircraft as a @inction of task load aml visualnoise.
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344 Intrudons

The scearios for eachpaticipart included st VFR ard s IFR intrusons. The reseachers
isolated the 5minute intervals that included arintrusion for the aralysis of eye novements. The
study contained 2 (oad) x 2 (visualnoise) x 2 (replication) scemrios. The aralyses canpared the
intervals that included ntrusions with intervals d the scearo without intrusions that replicated
the canditions. For five of the VAR ard IFR intrusions, suchaninterval existed. For the aher
interval, the VRR intrusion coincided wth aninterval that contained anlFR intrusion in the
replicaton scemro.

The reseacch teamconducted repeaed neasiresANOVAs on the DVs At a.05 level of
significarce, there was aoly aninteracton betweenthe efectof the pesere d intrusions ard the
task load aml visualnoise canditions for saccade dation (Tabde L-19). To maintain analpha
level of .05 with 12 DVs,reseachers reduced he adysied apha level to .0043. At this level, the
effects d conditions ard preserce d intrusions on eye novements donot interact There was o
effect of intrusions on ary of the gemral eye novement characteristics (Tade L-20). The daa
pooling procedues nay have wasled aut ary existing efects.

345 Radascope Olects

The reseachers tested he sgnificarce d the diference ketweenfixation duration on se\eral
radarscope dojects usng a neasue caled “objecttype” The aralysis stowed he presere d
higher order interactons (up to the three wayinteracion betweenobjects, load, ard visualnoise
[A =.56,F(1,22)= 357,p < 05] (Tabde L-21). The neanfixation duration on radarscope
objects difered sgnificartly for eachof the task load aml visualnoise canditions. The arcraft
fixations have the Hghed durations with a meanof 655 ns (Figure 34) For a dscussion of the
effects d task load manipulation ard visualnoise an the individualradarscope dyjects refer to
Secton 34.3.
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Figure 34. Meanard SD of radar object fixation duration (ms) as a @inction of task load aml
visud noise.

The rumber of fixations varied sgnificartly betweenobjects. The efects d both increasng task
load aml introducing visualnoise sgnificartly interaced wih the efect of object on the rumber of
fixations. The enphask on aircraft represemations kecanes een cleaer when preseiting the
time spen on radarscope dojects as a peertage d the total time (45 minutes) Compared b the
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time spet on arcraft represemations, the ATCS dlocates a egligible amourt of time for the
other objects. ATCSs spent about 55% of the totd simulation time on fixating aircraft
repreentations. Figure 35 dgplaysthe pecertage d time spent on radarscope dojects. The
figure dces rot disply the dat point for arcraft to allow the readerto compare the pecertages
betweenobjects other than arcraft.
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Figure 35. Percert of total smulation time fixated on sekcted adarscope djects.

3.5 Performance Measugs

The peformance neasues usedn the aralyses cansisted of conflicts, errors, communicatons,
and task load-related variables. The following sections will discuss eachof the caegaies of
variables.

3.5.1 Conflicts

The DR&A module identifies \ariables in this secton as caiflict related based o IFR. Inthe
simulations, both IFR ard VFR arcraft were presen. The canflict-related variables donot
necessaly reflectthe occurence d operationa errors. The caiflict data cakulated on IFR
causedhie DR&A module to report VFR arcraft being in conflict when no conflict existed. This
report contains information about conflict-related variables with the caeatthat they reflecta
tightness @ control, not necessaly areflection of operational errors. The following secions
contain desciptive aralyses d the caflict-related variables.

The number of standard terminal conflictsincreased wth an increasen task load. The pesee
of visualnoise stengthened this effect The efectof visualnoise reduced he number of sandard
terminal conflicts underlow task load, but high task load eversed tis effect (Figure 36)
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Figure 36. Mears ad sardard devations for number of stardard canflicts as a @inction of task
load anl moise.

Neither load ror noise afected he meanduration of stardard canflicts. Under high task load
conditions, noise increasedhe rumber of betweensector conflicts. In the alserce d visualnoise,
task load manipulation increasedhe rumber of betweensector conflicts. The presere d visual
noise reduced his effect (Figure 37)
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Figure 37. Meannumber of betweensecior conflicts as a @inction of task load anl visualnoise.

Under low task load canditions, the preserce d visualnoise dd not affectthe duation of
betweensecor conflicts. Underhightask load canditions, visualnoise increasedhe duation of
betweensecior conflicts. The manipulation of task load afected he duation of betweensecior
conflict whenvisualnoise was abert and presen. The presere d visualnoise increased e
duration of betweensecior conflicts (Figure 38)
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Figure 38. Meanduration of betweensector conflicts as a @inction of task load aml visualnoise.
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3.5.2 Seaation

Separation-related variales reflectthe ightness & control. The aralysis includes absestpaint-
of-approach, the horizontal and vertical separation, and the arcraft-proximity-index.

The repeatd MANOVA showed aninteraction betweenthe efects of task load aml visual noise
manipulation on separation-related variables [A = .50, F(4, 19)=4.72,p < 05]. The efectof
visualnoise was ot presem underlow task load conditions. Under high task load canditions,
visualnoise sgnificartly affected sepaation [A =.11,F(4, 19) = 4020, p < 05]. Inthe alserce
of visualnoise, there was a sail effectof task load nmanipulation on sepaation

[A =.59,F(4,19)=335,p < 05,n =.64]. Inthe presere d visualnoise, there was a sbnger
effectof task load manipulation [A = .51,F(4,19)=457,p < 05,n =.70].

To mantain an overall alpha level of .05 with four DVs, the adysted apha for the unvarate
aralyses £.0127. The manipulation of task load rad a sgnificart effect on the cbses paint-of-
appoach[F(1, 22)= 1337, p < 05] (Figure 39)
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Figure 39. Meanclosestpoint-of-approach(fee) as a @inction of task load anl visualnoise.

Task load sgnificartly deceasedhe horizontal sepaation [F(1, 22) = 1303, p <.05]. Visud
noise dd not affectthe torizontal sepaation (see Fgure 40)
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Figure 40. Meanhorizontal sepaation as a @inction of task load aml visualnoise.

3.5.3 Communications

Communications-related variables included the number of ATCS messages and pilot message
keystrokes. Task load manipulation only affected canmunications [F(2, 21) = 21733, p < 05].

With only two DVs used n the MANOVA, the aduged apha level to be used n subsequen
ANOVASsis.025 b maintain anoverall alpha level of .05.
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The number of ATCS messages siwed a gjnificart increase wh an increase dtask load
[F(1,22)= 5410 am F(1, 22) = 10372, both atp <.05] (Figure 41) The presere d visual
noise dd not significartly affectthe number of ATCS messages.
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Figure 41. Meannumber of ATCS messages as aufiction of task load aml visualnoise.

The number of smulation pilot message ketrokes slowed a gynificart increase
[F(1,22) = 10372, p <.05] with an increasen task load Figure 42) The preseme d visual
noise did not signific antly affect the number of simulation pilot message keystrokes.
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Figure 42. Meannumber of pilot message kegtrokes as aunction of task load aml visualnoise.

354 Task Load

Thetask load elated variables slowed the efectof the task load manipulation. These ariables
did not providefurther insight in the efectof the canditions on ATCS perfformance am did not
undemgo further analysis. The task load rlated variables dd not go further statistical analysis.

4. Discuwssbn

The dscusson addessestie represenativeness d the smulations, the efectof increasng task
load aml introducing visualnoise on workload neasues,the efectof increasng task load aml
introducing visualnoise on SA measues,and the efectof atask load aml visualnoise on eye
movements. Apperdix M discusseshe pdentia for alternative aralyses wih the format of the
data as cdlected duing the curent expetiment. Apperdix N contains recanmendations for
modificaions to data reduction agorithms and future reseach.

36



4.1 The Repesenativeness d the Serarios

A highlevel of fidelity of the scenarios allows application of the experimental findingsto an
operationa seting. Reseathers desyned epresemetive scemarios of an acive TRACON. The
TRACON radar display shows aircraft under control or within the filt er limit s and the raw radar
returns of aircraft outsidethe filt er limits. The ATCSs acknowledged the highfidelity of the
scerarios by positively rating the realsm and represemativeness d the scearios. The Rost-
Scerario Questonnaires ndicated hat, on average,the scearios wee moderately realstic ard
represemative of anormal dayattheir TRACON. Scerarios weke only moderately difficult,
which is an indication that the low ard high task load scearios weke wel balanced. The
interference d the oculometer was bw athoughhigher than the interference d the ATWIT
devce.

4.2 The Effectof Time-on-Task, Task Load,and VisualNoise on Workload Measugs

The efectof task load nanipulation was stongerwithout visualnoise than when visualnoise was
presem. ATCSsrated al TLX items exceptperformance hgher when task load ncreased.The
rating for the peformance tem deceased wih increasng task load. Although OTS obsewations
showed aninteracion betweenthe efects of increasing task load aml introducing visualnoise,
they correspanded well with ATCSs’ own ratings. These indings ae canmon in studies usig
sef-reported wakload. Perceved peformance dedhes athigher levels of workload gven
professona respanderts wio are trying to accuetely gauge heir accanplishments.

The avrage ATWIT rating as atinction of time showed he efectof the stucture in the
scerarios usedn this sudy. Thetraffic in these sceariosincreasedn the first 10 minutes awl
tapered down atthe erd of the 45minute scearios. On average,the ATWIT ratings eflecied
thistrend. ATCSsrated the wakload bw in the beginning of the scearios, increasing up D the
third 5-minute interval, and deceasng sanewhat at the erd of the scearios. Only task load
affected he meanATWIT scaes. The high task load scearios resuked n ahigher perceved
workload. Visualnoise had no effecton the meanATWIT ratings. The efectof task load
resuked n ahigher maximum ATWIT rating, and the preserce d visualnoise resuked n an
increased cotrast betweenlow ard high task load coditions.

The dsadwantage d using post-scerario esimates of the peceived workload duing a sceario is
that the ATCS has to rely on memory for the wakload acoss a 45minute perod. To investigate
if an ATCS remembers the average @ the maximum workload peceived duiing a sceatrio,
reseachers canputed he carelations betweenthe average ad maximumon-line ATWIT ratings
with the past-scerario TLX items. The TLX item on mental denand showed the highest
correlation with the average ATWIT rating, explaining 50%of the variance. The carelation
between the TLX item on mental demand and the maximum ATWIT rating was much smaller and
explained only 25% of the variance. The ATWIT ratings showed a trend similar to the TLX
ratings. The maximum ATWIT rating displyed aninteraction betweenthe efectof increasng
task load aml introducing visualnoise. The ATWIT device required the ATCSto enter a
subecive wakload reting every 5 minutes. The anount of time required respanding to the
ATWIT device was nmimal as eflected ty the oculometer measuements. On average, ATCSs
spen less han 1.5 secaods pers>-minute interval fixating on the ATWIT device.
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One item in the RPost-Scerario Questonnaire asked cuatrollers to rate workload anthatrun. The
effects of visualnoise arl task load weke not addtive. The preseme d visualnoise influerced
perceived workload. Thisis a sulble effect, possbly related to the waycontrollersfilter
information. With visualnoise presen, the filters ae actve, and the wakload dees ot seemas
intense. When visualnoise was pesen, the ATCSs peceived that they worked rarderunderlow
task load conditions but were not working as hard under high task load conditions.

The smulations used in this experiment included high altitudeoverflights as visua noise. The
presemation of the visualnoise was a dse replication of the traffic normally seerover the
airspace. Therefore, ATCSs may have deweloped eficient filtering mechanisms to distinguish
betweenaircraft within and outside their airspace. During the ste visitsto the TRACON, ATCSs
indicated hat they filtered aut the represemations of high dtitude aicraft. InaTRACON level 3
airspace,VFR arcraft may enter the arspace epresemed on the radarscope n an identical fashion
as he high dtitude aicraft. When asked bw they distinguished ketweenVFR arcraft within the
airspace ad the high dtitude aicraft, ATCSs respaded hat they compare speedsThisindicates
that controllers do obsewe the high dtitude aicraft. 1f that were the casethe presere d visual
noise wauld increase e denand on cognitive resources. The wakload neasues usedn the
cumrent experiment do not suppat this. There is no reported ncrea in workload wih the
introdudion of visud noise. This filt ering is undoubtedly a subettentive cognitive process that
experienced controllers develop so that they can make optimal use of limited attentional
resources.

4.3 The Effectof Increasng Task Load aml VisualNoise on Stuaion Awareness Meas@s

When task load ncreasedATCSs peceived that their SA deceased.Thisistrue for gereral SA,
SA for curent and projected aicraft locaions, and SA for potential conflicts. Introducing visual
noise increasedhie peceived SA for potential conflicts dightly but significartly. These ag
controllers percepions that may not accuetely reflectwhat they have capured in working
memory.

How well does this correspond with the OTS raer’s observations? The OTS rder did not
obsewne aneffectof introducing visualnoise on ATCSs’ SA. The OTS rater obsenved hat
maintaining awaeness @ aircraft position was bwer under high task load. The OTS rater’s
obsewation correspanded wel with ATCSs’ own percepion of an SA decease dér curent and
projected aircraft positions. The OTS rater observed a decreased abilit y to detect pilot deviations,
to correcttheir own errors, and to maintain sepaation. These d@sewations correspaded well
with ATCSs’ own percepion of deceased 8 for potential conflicts. The factthatthe OTS rater
was awae that the visualnoise dd not interfere with air traffic in the secbr may explain why the
ATCSs’ own percepion of aheightened awaeness or potential conflicts with introducing visual
noise dd not suiface nthe OTS rater’s obsewations.

Asking even an expelienced ATCSto esimate the SA of someone eke & admttedly askng alot.
Observer expecttions and biaseshave to play a mle. Thes dat are siggesive, at best. Only the
operating cantrollers realy knows what they are thinking, and experience aml other factorsfilter
even that.
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In the presere d visualnoise, the radarscope cotains many more arcraft represemations than
without visualnoise. In the field, the radarscope contains the visualnoise as wel The task
environment with visualnoise is closer to ATCS realty than one without it. The processng
strategies usd by ATCSs 0 separate aircraft may includeor even depend, to some extent, on the
presere d the high dtitude aicraft represemations. ATCSs ae eypertsin the task they peform.
Expettise is very suscepble to small changes n the task ervironment. The paticipantsin this
study were acive ATCSs for many years. For them, the alserce d visualnoise may be more out
of the ordinary than the stuation with visualnoise ard cauld explain the ATCSs’ percepion of a
better awaeness or potential conflicts.

44 The Effectof Task Load aml VisualNoise on Eye Movements

ATCSs ae supevisory controllers, thatis, they indirecty actupon the equpment that is under
their control. Rilots are, in this respect the human acuuatrs that implement the ATCS
instructions. Compared wih operators of other equpment, the ATCSs have addtional
challenges. The objects on their disply, unlike other operational environments, are not stationary
but move acioss te radarscope. The location of the radarreturn represens the arcraft position
atone pant in timein the arspace,and the relative movement and history trails represen the
headng of the arcraft. The daa block itsef contains four addtional variables: aircraft cal sgn,
atitude,speed,and model ATCSs sample these variables continuoudy to updat their
understanding of the curent state of the arspace.

The visualsystem uses ilkations to retrieve information. During saccadeghe visualsystem
moves the eyes lut does rot retrieve addtional information. The paticipants spen 78% of the
timeinfixations. Reseathers catulated two percertages desabing fixations broken down by
scere pbne: the pecertage d the total time and the pecertage d the fixation time. The tota
timeisthe actialtime available in a 5minute interval (i.e., 300 £cads). The fixation timeisthe
total time spent in fixations (i.e., on average,235 €cands). The pecertage d the fixation timeis
a gaod indication of the dstribution of information retrieval acioss he scee plnes. The awerage
duration of fixations is similar to those reported elsewhere (Fitts, Jones, & Milton, 1950; Stein,
1992) Average siccade duwtions are canparable to other sourcesaswel. Given thes dag, the
eyes ae moving and not picking up ary viable information 22% of the total time.

The literature s1ggess that longerfixation durations are due ¢ the piocesing time necesary for
interpretation of the information presented within the field of view and the programming time
necesary to plan the next saccade.Careful interpretation of the curent results suggess that
ATCSs peiformed more cognitive piocesing during fixations on the ATWIT device anl the
radarscope tan on the keypoard area awl flight strip bay. Whenthe ATWIT device pompted he
ATCSto rate the curent workload, it seened D require considerable cognitive processng to
interpret the 10point scak ar canpare the curent workload D that scak. Alternatively, the
ATWIT device 5 both a dsply and aninput device. Once ATCSs deermine the peceved
workload kvel, they enter that level by touching the number on the ATWIT devce. The fixations
to guide the hand to the carectnumber on the devce nay be quite long. Reseathers interpreted
the longer fixation durations on the radarscope and aircraft in a similar fashion. Considerably
more cognitive piocessig takes pace duing fixations on arcraft than on any other radarscope
object The fixation durations on arcraft correspand wel with durations found on cockpit
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instruments (Fitts et al,, 1950) meter monitoring (Serders, Elkind, Grignetti & Smallwood, 1964)
ard radar watching (Moray, Nei, & Brophy, 1983)(see kgure 43) The relatively low mean
fixation duration on TRACON radarin the gudy by Stein (1992) may be becaus the researchers
made ro distinction betweenobjects atwhich the ATCSs looked. In this study, the fixations an
aircraft had by far the longestdurations. Inclusion of other objects ard scee pares waild
drasicaly reduce he aerage duation of the fixations.

Whendivided ly scer phare, a diference n fixation durations was appant. Fixations an the
radarscope aerage 620 rmard were similar in duration for fixations on the ATWIT device. The
number of fixations an the ATWIT devce was ey few, as epeced. Fixations on the flight strip
bay ard the keyoard ara wee muchshorter in durations (320 aml 450 ns, respecively).

The human visual systemonly acaquires information during fixations. ATCSs sgert 75% d the
totd fixation time on the radarscope and 69% of the fixation time on aircraft representations.
ATCSs tend to focus m aircraft rather than static objects suchas aiports, VORs,ard
intersectons. The efects d increasng task load anl introducing visualnoise ard the rumber of
fixations on the radarscope nteracted. For high task load canditions, the rumber of fixations o
the radarscope wasdwer thanfor low task load caditions. Introducing visualnoise ctarged he
number of fixations an the radarscope. The total number of fixations dd not charge sgnificartly.
The reducton in the rumber of fixations an the radarscope resuked n anincreasen fixations an
other scer phres. The finding of deceasedikations an the radarscope wrenincreasng task
load is contrary to the idea that human observers would fill in redurdant fixations with a redudion
of the rumber of targets. If a diference wauld occur, one panting towards anincreasen
fixations wauld have beenmore plausble. Underhightask load, this situaion preseiss anATCS
with more potential targets.
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Figure 43. Mears ard SDsof fixation duration in other gudies

Researhers pcstulate that the reduction in fixations an the radarscope resuked fom ATCSs
spending mare time on flight srip mantenance under high task load conditions. In a TRACON
ernvironmernt, ATCSs nove acive flight progress stips b the cansole ard creae rew flight
progress sripsfor incoming VFR arcraft. The dab sugges that increasng task load dverts
some of the ATCS's attention to these tasks resulting in fewer fixations onthe radarscope
Indeed,for hightask load canditions in the presere d visualnoise, both the rumber of fixations
on the flight strip bay ard the rumber on the keypoard area ncreased. The fixation duration of
fixations on the flight strip bay deceases as &sulk of anincreasen task load.

At the most ddailed level, this sudy distinguished between fixations on objects on the
radarscope. The awerage duation of fixations on aircraft sood out markedly with 660 ns. This
is arelatively long fixation alowing less than two stops pea second to gaher information. It
suggess considerade cognitive procesing by the ATCS. To provide a laseline for comparison,
pele in everydayacivities piobaldy scan3 to 5 times persecand. Other objects an the radar
display had fixations that ranged o1 average fom 30 nsto 400 ns. The rumber of fixations on
the peview area deoeased vih anincreasen task load. With higher task load denands, the
ATCS spenls kss tme verifying the carectness d the dag ertered throughthe keyboard,
althoughthe keyoard dat indicate that ATCSs type n more information under high task load
conditions. ATCSs seem to become more tactical and less grategic as time demandsimpinge due
to higher task load. The vsualscaming daa appearto document what was aecddal in the past
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On awerage,the rumber of fixations on the radarscope s alout 1 persecand. With anupdat rate
of the radar of 4.5 secods, that alows a caitroller to scanthe presen situation in four fixations.
Unless the controller has found away to ge& around working memory limitations, this would not
allow him to keep he “picture” up © dae. Evenif the anly thing that charges & the arcraft
position, this will introduce uncertainty into the controller’s avareness of the current sate of the
system. In a TRACON environment, many aircraft are on a climbing or descending course, which
increasestie level of uncertainty the cantroller musttake into accaint when making decsions.
All this becames exenmore remarkalle whenwe teke into accaint Moray's canment on
forgeting (Morayetal, 1983) He suggess that forgetting sampled meterial sored n working
memory takes phce atfer 12 © 15 secaods. Therefore, if the catroller uses weking memory, by
the ime the cantroller has updaed the curent sate d, at most, 12 arcraft, his uncettainty
increasesnot only because bthe charge n the state o the arcraft but because bmemory decay
as well.

The appoachused m this study to amalyze the efects d intrusions compared 5minute intervals
betweenreplicaion scemrios. For eachtask load¥Visual noise canbination, two simulations
existed. The aralysis consisted of a canpatison of eye novement characteristics etweena 5-
minute interval that contained anintrusion with that sane interval in the smulation that replicated
the task loadkisual noise canbination. The aralysis of the gerral eye novement characteristics
did not show aneffect of intrusions. Severa explamations of the lack d eye novement
characteristic charges eist. Frdt, the appoachof ushg 5-minute intervals may be a wndow of
time that is too wide b detectaneffectof anintruder. Alternative aralysis methods nay be
necessar to dekectshort-term (less han5 minutes)effects o intruders on gereral eye novement
characteristics. Secand, the curent appioachassures that the intruderdetection takes pace at
the ime the arcraft first becames anintruder The curent study did not include a pocedue to
track actial intruderdetecton times. Comments by ATCSs sugges there ae nore than5
minutes letweenthe introducion of anintruderard the ime of acual deecion. Some of the
ATCSs exclaimed “where did he come from!” after anarcraft flew through Class C aspace ad
sutsequenly was @ its wayout of the arspace. This canresult in the efect of intruderdetecton
to occurin a 5minute interval other thanthe ane wrere the intrusion initially occured. Finally,
the reseach teamwert out of its wayto presen the ATCSs with a smulated arspace absely
resenbling their actual arspace. The VFR arcraft that ertered Class C aspace asntrudess
represemed bushess as usuallf the ATCS should see bishess as usuabne wauld not expecta
charge n gerera eye novements. Also, ATCSs ae exyetts in the sese that they have deweloped
highly aubmated cognitive pioceses to digeg large anounts of dat. The caynitive pat of the
visualsystemin case  highly aubmated processes cadrive pecepion. Thiswould lead he
ATCSto not see 0 perceve unexpeced tens a situatons. The IFR intrusions in the curent
study “fell” into Class C aspace,aneert that occurs very infrequenly. The visualsysteris
auomaticity may prevert the ATCS from noticing the aromaly, resuking in gerera eye
movements that do not show aneffect of the introduction of Class Cncursions.

Althoughthe aralysis of intervals that contained incursions into Class C aspace dil not reveala
difference n eye novement characteristics, the canments by the OTS rater cleatty showed that
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some of the cantrollers did not detectone or both of the Class C aspace volations. Thiswas
espedlly frequen for scerarios with high task load aml visualnoise canditions. The OTS rater
indicated hat under baselne candition (i.e., low task load, no visualnoise) preseim, 90% of the
controllers doserved both intrudes. Under worst case conditions (.e., hightask load, visud noise
presen) only 20%of the cantrollers indicated hat they had obsewved toth intruders.

5. Concludons

Increasng task load kd to alargerarea caovered perfixation, a deceased amber of fixations on
the radarscope, and more fixations on the flight strip bay. The efects of task load aml visual
noise on ATCSs visualscaming characteristics ae often complex. When task load anl visual
noise donot interact, they sometimes pioduce addive effects.

Scanning behavior is much more complex than solely looking at information displays.
Environmental context has a citicalimpact Past ATC experience ikely influerces ATCS
decision rules on how and where to appartion the limit ed attentional resources and will t emper the
visud scanning strategies.

Visualnoise aml task load afectfixations related to radarscope djjects ard scere pbnes nore
than gerera eye movements. It seens that arelevant metric to capure visualscaming
characteristics slould relate eye movements to operationaly relevant information.

This reseach provides geaer understanding of how ATCSs use cuent information displays.
The reseach resuls have potential for increasng future ATCS efficiency throughimproved
display techndogy or application of new training techniques.
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AP
ASL
ATC
ATCS
ATWIT
DR&A
DV
EOS2
ER2
ER4
FAA
FPL
IFR
ILS

v

LED
LOA
MANOVA
MHT
NASA
OTS
POG
RDHH-
SA

SD
SME
SOP
SWAT
TLX
TRACON
VFR
VOR

Acronyms

Analysis of Variance

Aircraft Proximity Index
Applied Science Laboratories
Air Traffic Control

Air Traffic Cantrol Specalist
Air Traffic Workload Input Techique
Data Reducion & Analysis
Depement Variable

Experiment Observation Room 2
Experiment Room 2

Experiment Room 4

Federa Aviation Administration
Full Performance Level
Instrument Flight Rules
Instrument Landing System
Independent Variable

Light Emitting Diode

Letter of Agreenent

Multiple Analysis of Variance
Magretic Head Tacker

National Aeronautical and Soace Administration

Over-the-Shoulder
Point of Gaze

Reseach Development and Hurren Faciors Laboratory

Situaion Awareness
Standard Deviation
SubjectMatter Expett
Standard Opegting Procedue

Subectve Workload Assessrent Tecmique

Taxk Load Index

Terminal Radar Approach Control
Visud Fight Rules

VHF Omni-directional Rarge
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Apperdix A
Equipment De<ription

Console Cafiguration

The experiment consisted of one ATCS gation equpped wih a radarscope, full flight strip bay,
an ARTS Ill keyboard, and atrackball. The radarscoperan on a2,000 ty 2,000 pkel video

display unit.
Simulation Rilot Terminal Configuration

A network pemitted chaining of two simulation operator displys. Reseathers saed al daa
into a dreciory named uriquely for eachATCS (ATCS code, data saurce, ard scemnio run).

Each amulation pilot station, configured for the smulation pilots, dlowed entry of smulation
pilot ard ghost ATCS commands. A secandaly radar represemietion alowed he readlack
position to track arcraft. The terminals located n ER2 were saund proofed fom ER4.

VideoCamera ard Video Tape nfiguration

Researhers taped te videoimages & both the ATCS ard a eplicaion of the HanView Disphy.
The ATCS pasition ard flight gtrip bay were videotaped ugng a bw light, black am white
canera. The ideomonitors in EOS2 provided a wdeodisphly of al expetiment rooms ard
computer screers t the expetimenter.

Communications Configuration

Researhers setup canmunication links ketweenthe ATCS, OTS dbsewer, simulation pilots, ard
experimenters. The equpmernt monitored canmunications ard recaded tmes ard frequemies
for subsequen submission to the Dat Reducton ard Analysis (DR&A) module.

Ocubmeter

The ASL eye tracking systemconsists of a leadland with a canera, optics sgtem a visar, a
scere canera assefoly, a canera caitrol unt, aneye tracking systemcontrol unt, a pesonal
computer with interface cads, ard sdtware.

Headband Assembly

The headland asserbly is anadusiale headland with anoptics nodule ard a cearplasic visor
plate. The optics module contains an eye camera and illuminator. The illuminator creates anear
infrared keam The reseachers am one pat of the beamat the keft half of the isor mounted in
front of the iewers eye. The kft half of the visar has a cating that is very reflecive in the rear
infrared range aml trarsnissie in the visible speatum. The visar defects the beaminto the keft
eye of the viewer, illuminating the viewer's pupi ard canea. An eye canera canecied D a
canera cattrol unit cdlects the image eflecied by the visar. The scee canera piovides a
reference fane for line o gaze pesitioning. This canera nourts either on the headland or on a
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stationary object The cantrol unt feeds e autgoing sgnal of both the eye aml scere caneras
into the eye trackercontrol unit.

Sdety

The saé level of anoculometer Light Emitting Diode (LED) is 10 mW/cn?. ASL (Borah, May
1996, personal communication) testing found that the highed radiarce kvel that the LED delvers
to the pare o the eye is 0.8 mWi/cnt. Under normal conditions, ASL estmates the LED
radiarce kvel to be between0.1 ard 03 mW/cnT, or more thana facior of 30 bwer thanthe saé
level (J. Borah, personal communicaion, March 11, 1996)

Eye TrackerControl Unit

The eye trackercontrol unt (Series 4000) housesanelectronics unit, three ydeo monitors, a
control ard cannector parel, ard power suppies. The caitrol unit, throughaninterface wih a
PC, uses ltie ey trackersignal to gan the ekmrerts of interest, i.e., the pupl ard caneal
reflection outlines d the viewers eye. The unt trarslates he daa into pupi dianeter ard line o
gaze mformation then stores he dat into dat files. Ore d the caitrol unit monitors displys the
pupi ard canealreflecion outlines while arother canera dsplys the image fom the scee
canera.

Hardware

A Magretic Head Tacker(MHT) provided ead paition ard orientation deermined n six
degees 6 freedan. This option alows for the integration of eye ard head paition to deermine
the FOG d the userin world coordinates. The MHT hardwatre is an Ascersion Technology
magnretic tracking systemthat consists of a caitrol box ard a sairce aml sersor module. The
source nodule tramsmits a megnretic field picked up ly the sensor module nmourted on the
headband.
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Apperdix B

Detailed Hight Plans



Scerario 1

Type Call in Time |Initial Aircraft Cdl Beacon |Aircraft Altitude |Altitude Sped Flight Pan
Depature |Includes Contralling [Sign Code |Type (Initial)  |(Requested)
Arriva VFR Sector
Overflight |Call in Time |(S= ACY;
C =Wash.
V =VFR)
Departure  |00:10 S Canival 5008 (0714 |B737 020 310 ACY/13 LEEAH SMYRNA DUPONT./. HARRISBURG
(00:20)
Arrival 02:45 C Canival 5347 (6412 |B737 070 250 BALTIMORE ./. SWANN SMYRNA
LEEAH ACY
Arriva 05:00 C Spirit Wings  |6334  |[DC9 080 250 BOSTON /. MANTA DRIFT HARBO BRIGS ACY
192
Departure  |07:15 S USA1552 1574 |B73F 020 300 ACY/13 LEEAH WATERLOO SALISBURY ./.
(07:30) NORFOLK
07:30 - Do N3907N Cesna 172 BADER CEDAR LAKE WOODSTOWN
not call in (C172) DUPONT BUCKS ./. WILLOW GROVE AIRB ASE
Departure  |at 1200 et |V N1671G 0104 |Bonarza ¥ |012 055 WWD/13 SEA ISLE AVALO BRIGS MANTA /.
(10:10) (BE36) EAST HAMPTON AIRPORT
Arriva 12:30 C Jetlink 3761 3323 |AT42 040 240 JFK /. COYLE HOWIE ACY
Overflight |15:00 C Deuce 40 3275 |DC10 050 250 ANDREWS /. GARED SMYRNA CEDAR LAKE
COYLE ./. WRI
Overflight |17:30 C Deuce 41 3175 |DC10 050 250 ANDREWS /. GARED SMYRNA CEDAR LAKE
COYLE ./. WRI
18:10 N845MG King Air BALTI MORE /. AGARD DONIL ACY PANZE
(IFR Bust) 90 (BE90) ZIGGI .J. JFK
Do Nat Call
In
Departure  {19:30 S Viscount Air 7051 |B737 020 350 ACY/13 LEEAH SMYRNA DUPONT ./.
(19:55) 3502 HARRISBURG
Overflight [22:30 \Y N4771E 0101 |MARK 20 (045 130 PHLLY /. WOODSTOWN
(MO20) SEAISLE SNOWHILL /. NORFOLK
Arriva 25:00 \Y N98786 0100 [C172 045 110 JFK /. COYLE HOWIE ACY
Departure |27:15 S Viscount Air 2544  |B737 020 310 ACY/13 LEEAH WATERLOO SALISBURY ..
(27:30) 8804 NORFOLK
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Type Call in Time |Initial Aircraft Cdl Beacon |Aircraft Altitude |Altitude Sped Flight Pan
Depature |Includes Contralling [Sign Code |Type (Initial)  |(Requested)
Arriva VFR Sector
Overflight |Call in Time |(S= ACY;
C =Wash.
V = VFR)
Overflight  {30:00 \Y N66874 0103 |PA3L 055 180 NOTTINGHAM ./. GARED SMYRNA CEDAR LAKE
COYLE DIXIE .. JFK
Overflight  {32:30 \Y N8014K 0105 |Bonarza 3 |065 150 JFK /. COYLE LEEAH WATERLOO SALISBURY ..
(BE36) NORFOLK
Departure  |3445 S (V) N1171M 0736 |Bonarza 3 (020 065 ACY/13 LEEAH SMYRNA DUPONT ..
(VFR) (35:00) (BE36) HARRISBURG
Overflight |37:30 \Y N8014T 0106 [C172 045 110 JFK /. DIXIE COYLE LEEAH CEDAR LAKE
WATERLOO SAUSBURY ./. NORFOLK
Arrival 40:00 S Air Shuttle 52643060 |Beech02 |050 200 PHLA ./. WOODSTOWN CEDAR LAKE ACY
(BE02)
Arrival 42:30 C Spirit Wings  |3351  |DC9 070 250 NORFOLK ./. SALISBURY WATERLOO SEA ISLE
544 ACY
Arrival 45:00 C Chatagua906 |2436 |[SF34 080 250 EAST HAMPTON /. MANTA DRIFT HARBO BRIGS
ACY
Arrival 4730 C Spirit Wings  |2115 |DC9 050 250 PHLLY /. WOODSTOWN CEDAR LAKE ACY
205
Scerario 2
Type Cdlin Time | Initial Airadt Cdl Beeoon | Airadt Alitude | Altitude Sped Hight Pkn
Depature Indudes Contrdling Son Cdle Type (Intial) (Requeted)
Amivd VARCallin Sectr
Owdfiight Time (S=ACY;
C=Weh.
V=VFR
Depature | 0045 S Air Shuttle 0503 BEO2 040 ACY/13 CedarLake Woodgown Philaddphia
5373
Depature | 0245 S Spirit Wings | 2135 DC9 350 ACY/13 LEEAH Smyrna Dupmt ./. Harrisburg
540
Arrival 07:32 C RYN 451 7070 B737 080 230 Norfolk ./. Sallbury Wataloo Sea Ide Atlantic City
Departure | 08:45 S UCA 572 5636 BEO2 040 ACY/13 CedarLake Woodstown Philaddphia
Overflight | 0948 C N1075C 0544 MO20 070 230 Harrisburg /.Smyrna Cedar Lake Coyle /. FK

B-2




Chatagua10J

Type Cdlin Time | Inital Airadt Cdl Beeoon | Airadt Alitude | Altitude Sped Hight Pkn
Depature Indudes Contrdling Son Cdle Type (Intial) (Requeted)
Amivd VARCallin Sectr
Owflight Time (S=ACY;

C=Weh.

V=VFR
Depature | 1245 S Spirit Wings | 2145 DC9 310 ACY/13 LEEAH Smyrna Dupmt ./. Harrisburg

224

Arrival 13:50 \Y N62980 0107 PA31 065 180 Norfolk ./. Salesbury Wataloo Sea Ide Atlantic City
Oveflight |14:10 \Y N999PL 0113 BE36 065 160 JFK /. Coyle LEEAH Waterloo Sdeshury ./. Norfolk
Arrival 15:45 \Y N8220W 0112 PA32 065 180 Norfolk ./. Salesbury Wataloo Sea Ide Atlantic City
Overflight |16:00 \Y N6924C 0110 PA32 065 180 JFK /. Coyle Cedar Lake Snyrna Sdeshury /.

Norfolk
JFK /. Coyle HOWIE TUBER LEEAH DONIL

not call in

Overflight 1720 C N8036V 1077 BE36 060 160 JFK /. Coyle LEEAH Waterloo Sdeshury

Arriva 1734 C N69ZR 0260 BEO2 050 180 OTT /. AGARD Woodsown Cedar Lake Atlantic City

Depature | 1745 S Viscount Air 7051 B737 310 ACY/13 LEEAH Smyrna Dupmt ./. Harrisburg

3502

Oveflight |1847 C N7709R 3321 BE36 060 160 JFK /. Coyle LEEAH Waterloo Salisbury ./. Norfolk

Arriva 20:20 \Y N3025V 0103 BEO2 055 180 AGARD Woodsbwn Celar Lake Atlantic City

Arrival 21:07 C N109YV 2410 BEO2 050 180 OTT ./. Woods¢own CedarLake Atlantic City

Overflight |24:00 \Y N201BT 0101 MO20 065 210 JFK /. Coyle LEEAH Snyrna Sdeshury /. Norfolk

Arriva 24:10 C N65253 7044 BEO2 040 180 JFK /. Coyle Cda Lake Atlantic City

Depature | 2445 S RYN 446 7477 B737 350 ACY/13 LEEAH Smyrna Dupmt ./. Harrisburg
2700Do0 V N43713 AlY/11 Bade Fidd Atlantic City PANZE Robinsville

.. Trenton

Arriva 27:30 \Y N4348F 0105 PA28 065 180 JFK /. Coyle Cda Lake Atlantic City
Depature | 2845 \Y N4213T 0104 PA28 045 ACY/13 LEEAH Smyrna Salesbury ./. Norfolk
Arrival 29:06 C RYN 404 7436 B737 080 230 Norfolk ./. Salesbury Smyrna Sea Ide Atlantic City
Overflight |29:30 V N43790 0106 PA28 065 180 JFK /. Coyle Cadar Lake Smyrna /. Harriskurg
Overflight | 3040 \Y N236WH 0102 BE36 065 180 JFK /. Coyle LEEAH Waterloo Sdeshury ./. Norfalk
Depature | 3248 S Air Shuttle 1701 BEO2 040 ACY/13 CedarLake Woodgown Philaddphia

5256
Arrival 33:36 C N65371 1711 BE02 050 180 Harrisburg /. Woodsown CelarLake Atlantic City
Depaiture | 35:45 S N1911L 4765 BEO2 040 ACY/13 CedarLake Woodgown Philadd phia
Overflight | 36:00 \Y N7788H 0111 BE36 075 180 Norfolk ./. Sdleshury Waterloo LEEAH Coyle /. FK
Arriva 36:10 \Y N14KC 0115 PA28 065 180 JFK /. Coyle LEEAH Atlantic City
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Type Cdlin Time | Inital Airadt Cdl Beeoon | Airadt Alitude | Altitude Sped Hight Pkn
Depature Indudes Contrdling Son Cdle Type (Intial) (Requeted)
Arrived VARCalin Sectr
Owflight Time (S=ACY;
C=Wah.
V=VFR
Depature | 3648 S Air Shuttle 0563 BEO2 040 ACY/13 CedarLake Woodgown Philaddphia
5252
Overflight |38:28 C N8014T 1032 BE36 070 180 Norfolk ./. Salesbury Waterloo LEEAH Coyle /. JFK
Scerario 3
Type Cdlin Time | Inital Airadt Cdl Beeoon Airadt Alitude | Altitude Sped Hight Pkn
Depature Indudes Contrdling Son Cdle Type (Intial) (Requeted)
Arrived VARCalin Sectr
Owfiight Time (S=ACY;
C=Wah.
V=VFR
Depature | 0045 S Spirit Wings | 3351 DC9 310 ACY/13 LEEAH Smyrna Dupmt ./. Harrisburg
544
Depatture | 02:15 S Jetlink 3727 | 0576 AT42 040 ACY/13 CedarLake Woodsown Philaddphia
Departure | 06:15 S N38253 1013 BEO2 040 ACY/13 CedarLake Woodgsown Philaddphia
Arriva 08:10 C Spirit Wings | 7627 DC9 080 230 Islip /. PANZE Atlantic City
322
Overflight | 10:00 C N1831D 4506 BE36 060 180 JFK /. Coyle LEEAH Waterloo Salisbury ./. Norfolk
10:30 Do N7032A AlY/11 Bader Feld Atlantic City Cealar Lake
Not Call In. Woodgown Dupat ./. Harrisburg
Arriva 13:20 C N42251 3375 BEO2 080 180 OTT ./. AGARD Woodsiown Ceala Lake Atlantic City
Arriva 14:00 V N1732 0103 BE36 055 180 Norfolk /. Salisbury Wateloo Sea Ide Atlantic City
Arriva 15:40 C N62552 6505 BEO2 080 180 Phila. ./. Woodgown CelarLake Atlantic City
Overflight |18:40 \Y N2061A 0127 BE36 065 180 JFK /. Coyle LEEAH Waterloo Salisbury ./. Norfolk
Overflight |18:40 C N2089L 7730 BE36 060 180 JFK /. Cojle LEEAH Waterloo Salisbury ./. Norfolk
Depature | 19:15 S Air Shuttle 7044 BEO2 040 ACY/13 CedarLake Woodgown Philaddphia
5259
Popup 24:30 Do S N3416Y 0106 C172 030 MIV/10 Millville LEEAH Wateloo Salisbury ./.
(VFR) Not Call In Norfolk
Arriva 26:10 C N65237 7006 BEO2 080 180 Phila ./. Woodsown CelarLake Atlantic City
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Type Cdlin Time | Inital Airadt Cdl Beeoon Airaet Alitude | Altitude Sped Hight Pkn
Depature Indudes Contrdling Son Cdle Type (Intial) (Requeted)
Amivd VARCallin Sectr
Owflight Time (S=ACY;

C=Weh.

V=VFR
Overflight [29:00 \Y N1835F 0113 BE36 065 160 JFK /. Coyle LEEAH Waterloo Salisbury ./. Norfolk
Overflight |29:10 C N2610B 0105 BE36 055 180 Norfolk ./. Salisbury Smyrna CedarlLake Coyle /. FK
Arrival 29:30 C N65271 7057 BEO2 080 180 Phila /. Woodstown CedarLake Atlantic City
Departure | 30:15 S Jetlink 3721 | 5663 AT42 050 ACY/13 PANZE Robinsville ./. Trenton
Overflight |[33:40 C N326J 5709 BE58 060 160 JFK /. Coyle LEEAH Waterloo Salisbury ./. Norfolk
Arrival 34.00 C Air Shuttle 7053 BEO2 080 180 Phila ./. Woodstown CedarLake Atlantic City

5388
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Scerario 4

Type Cdlin Time Initial Airadt Cdl Beeoon |Airarait Altitude Altitude Sped Hight Pkn
Depature  |Indudes Contrdling Setar | Son Cale |Type (Intial) (Requeted)
Amivd VARCallin Time |(S=ACY;
Ovefiight C=Weh.
V=VFR
Departure |00:10 S Jetlink 9506 3025 |AT42 020 050 ACY/13 PANZE DIXIE ROBINSVILLE /. TRENTON
(00:25)
Depature |at 1200 et |V N1672G 0100 |(Bonanza 36 |012 055 WWD/13 SEA ISLE AVAL O BRIGS MANTA ./. EAST
(01:16) (BE 36) HAMPTON
Depature |at 1200 et |V N52407 0101 |Cesnal72 |010 045 MIV/10 SMYRNA SWANN ./. BALTIMORE
(02:24) (C172)
Arriva 03:36 C RYN446 5477 |B737 070 250 |BALITMORE ./. SWANN SMYRNA SEA ISLE ACY
Departure |04:220 S(V) N7872E 0566 |Bonanza 36 |020 065 ACY/13 LEEAH SMYRNA DUPONT./. HARRISBURG
(VFR) (04:35) (BE 36)
Arriva 06:00 C Spirit Wings 175|3664 |DC9 070 250 |BALTIMORE ./. SWANN SMYRNA SEA ISLE ACY
Overflight [07:12 C N78MM 2765 |Learjet 25 |060 210 |EAST HAMPTON /. MANTA DRIFT HARBO SEA ISLE
(LR 25) SNOWHILL ./. NORFOLK
Arrival 08:24 C RYN456 3677 |B737 070 250 | BALITMORE ./. SWANN SMYRNA SEA ISLE ACY
Depature |09:15 S Spirit Wings 318 |3647 |DC9 020 350 ACY/13 LEEAH WATERLOO SALISBURY ./. NORFOLK
(09:31)

10:45 (Do Not

N5810F

MIV HOWIE COYLE DIXIE /. JFK

Call)

Overflight [12:00 C Spirit Wings 225 |3637 |DC9 070 250 | NORFOLK ./. SALISBURY WATERLOO DIXIE
ROBINSVILLE /. TRENTON

Arrivd 13112 C Jetlink 3421 2627 AT42 040 230 JFK /. DIXIE COYLE HOWIE ACY

Overflight [1424 Vv N7517T 0103 |Bonanza36 |055 155 |NOTTINGHAM ./. GARED SMYRNA CEDAR LAKE
(BE 36) COYLE DIXIE /. JFK

Arrivd |15:36 C N8452Z 4701 |King Air 90 070 210 |NORFOLK ./. SALISBURY WATERLOO SEA ISLE ACY
(BE90)

Arrivd |16:48 C Air Shuttle 5371 [1711 |Beech02  |050 200 |PHILLY /. DUPONT WOODSTOWN CEDAR LAKE ACY
(BE02)

Overflight [18:00 Vv N5217G 0104 |Centurion Il 045 160 |JFK /. DIXIE COYLE LEEAH WATERLOO SALISBURY
(C210) /. NORFOLK

Arrival |19112 C ROCK70 1561 |C130 080 220 |JFK /. CAMRN KARRS PANZE ACY
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Type Cdlin Time Initial Airadt Cdl Beeoon |Airarait Altitude Altitude Sped Hight Pkn
Depature  |Indudes Contrdling Setar | Son Cale |Type (Intial) (Requeted)
Amivd VARCallin Time |(S=ACY;
Ovefiight C=Wah.
V=VFR
Departure |20:08 S BATONOS8 1573 |C130 020 050 ACY/13 PANZE DIXIE ROBINSVILLE YARDLY
(20:20)
Arrival 21:36 C Air Shuttle 5276 |3177 [Beech02 050 200 |PHILLY ./. WOODSTOWN CEDAR LAKE ACY
(BE02)
Arrival 2248 \Y N3073W 0105 |Lance 075 aito- 150 |NORFOLK ./. SALISBURY WATERLOO SEA ISLE ACY
(PA32) descends
to 055
Arrival 25:12 C Air Shuttle 5299 |3065 [Beech02 030 200 |BALTIMORE ./. SWANN SMYRNA LEEAH ACY
(BE02)
Departure |2555 S(V) N2183M 0544 |Bonanza 36 |020 065 ACY/13 LEEAH WATERLOO SALISBURY ./. NORFLOK
(VFR) (26:10) (BE 36)

26:30 (Do Not

N3334I

Bonarza

JFK /. COYLE LEEAH WATERLOO SALSBURY /.
NORFOLK

Call)

(BE 36)

Overflight [27:36 Vv N2171T 0107 |Bonanza36 [075 aito- 150 |NORFOLK ./. SALISBURY WATERLOO LEEAH COYLE
(BE 36) descends DIXIE JFK
to 055
Overflight |28:48 Vv N9557Z 0110 |Bonanza36 |065 150 |JFK /. DIXIE COYLE LEEAH WATERLOO SALISBURY
(BE 36) /. NORFOLK
Depature |at 1200 et |V N8220X 0112 |Lance 010 045 MIV/10 LEEAH WATERLOO SALISBURY .. NORFOLK
(30:00) (PA32)
Overflight [31:20 Vv N1831S 0113 |Bonanza36 |075 aito- 150 | NORFOLK ./. SALISBURY WATERLOO LEEAH COYLE
(BE 36) descends DIXIE JFK
to 055
Overflight [32:24 C N67414 1645 |Bonanza 36 |060 aito- 150 |JFK /. DIXIE COYLE LEEAH WATERLOO SALISBURY
(BE 36) descends .. NORFOLK
to 040
Depature |33:15 S CoM8812 4612 |CL44 020 260 |ACY/13 LEEAH GARED /. NOTTINGHAM
(33:30)
Arrival |34:48 C Air Shuttle 5294 [0530 |Beech02  |050 200 |PHILLY /. WOODSTOWN CEDAR LAKE ACY
(BEO2)
Overflight |36:00 Vv N7616J 0114 |Bonanza36 |075 aito- 150 |NORFOLK ./. SALISBURY WATERLOO LEEAH COYLE
(BE 36) descends DIXIE /. JFK
to 055
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Type Cdlin Time Initial Airadt Cdl Beeoon |Airarait Altitude Altitude Sped Hight Pkn
Depature  |Indudes Contrdling Setar | Son Cale |Type (Intial) (Requeted)
Amivd VARCallin Time |(S=ACY;
Ovefiight C=Wah.
V=VFR
Arrival 3712 C Spirit Wings 19216334 |DC9 080 250 |EAST HAMPTON J. MANTA DRIFT HARBO BRIGS ACY
Overflight |38:24 \Y N8036W 0115 |Bonanza 36 |075 aito- 150 |NORFOLK ./. SALISBURY WATERLOO LEEAH COYLE
(BE 36) descends DIXIE JFK
to 055
Overflight [39:36 \Y N7148W 0116 |Bonanza 36 |065 150 |JFK /. DIXIE COYLE LEEAH WATERLOO
(BE 36) NOTTINGHAM
Overflight [40:48 \Y N2089F 0117 |Bonanza 36 |075 aito- 150 |NORFOLK ./. SALISBURY WATERLOO LEEAH COYLE
(BE 36) descends DIXIE ROBINSVILLE /. TRENTON
to 055
Departure |41:40 S EGJ11 4611 |FK27 020 140 ACY/13 LEEAH DONIL GARED ./. NOTTINGHAM
(41:55)
Arrival 4312 C N78GM 2265 |Learjet 25 |080 210 |JFK /. MANTA DRIFT HARBO BRIGS ACY
(LR 25)
Depature |at 1200 et |V N7520Z 0120 |Cadinal 177|010 045 MIV/13 HOWIE COYLE DIXIE /. JFK
(44:30) (C177)
Arrival 45:36 C Air Shuttle 5296 |3577 |Beech02 050 180 |BALTIMORE /. SWANN SMYRNA LEEAH ACY
(BE02)
Depature |46:43 C Viscount Air 6541 |B737 020 350 ACY/13 LEEAH SYMRNA DUPONT ... HARRISBURG
8310
Overflight |48:00 C N3268M 2705 |Bonanza 36 |040 140 JFK /. DIXIE COYLE LEEAH WATERLOO /.
(BE 36) NOTTINGHAM
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Scerario 5

Type Cdlin Time Initial Airadt Cdl Beeoon |Airaet Altitude Altitude Sped Hight Pkn
Depature Indudes Contrdling Setar |Son Cale |Type (Intial) (Requeted)
Amivd VARCallin Time | (S=ACY;
Ovefiight C=Weh.
V=VFR
Departure 00:10 S VVLV128 7336 |P3 020 050 ACY/13 PANZE ZIGGI DIXIE ./. TRENTON
(00:20)
Arrival 05:00 C Spirit Wings 191|7376 |DC9 080 250 |BOSTON /. MANTA DRIFT HARBO BRIGS ACY
Overflight 07:30 C N5577J 0552 |Baron 58  |070 180 |BALTIMORE /. AGARD DONIL SEA ISLE HARBO
(BE58) MANTA ./.
EAST HAMPTON
Arrival 10:00 C Spirit Wings 313 |2670 |DC9 070 250 |NORFOLK ... SALISBURY WATERLOO SEA ISLE ACY
Overflight 1230 S N18400 3452 |Duke 60 060 180 |ISLIP /. MANTA DRIFT HARBO BRIGS SEA ISLE
(BE60) WATERLOOQO ./. NOTTINGHAM
Overflight 15.00 \Y N9572X 0101 |King Air 065 180 |JFK /. COYLE LEEAH SALISBURY .. NORFOLK
(BE9O)
Arrival 17:30 C N232DM 3062 |Citation Il {080 220 |BOSTON /. MANTA DRIFT HARBO BRIGS ACY
(C550)
Arriva 20:00 \Y N178JB 0102 |PA31 045 170 |JFK /. COYLE HOWIE ACY
Departure 22:20 S N622T 4512 |Baron 58  |020 180 |ACY/13 LEEAH WATERLOO SALISBURY ./. NORFOLK
(22:30) (BE58)
Arrival 25:00 C Air Shuttle 5299 [2605 |Beech02 050 200 |PHILA ./. WOODSTOWN CEDAR LAKE ACY
(BE02)

IFR BUST
(DO NOT

Alleghany 3541

0505

JFK /. DIXIE COYLE LEEAH SMYRNA ./. BALTIMORE

CALL IN)

Arrival 27:30 C COM8819 4614 |CL44 070 220 |NORFOLK ... SALISBURY WATERLOO SEA ISLE ACY
Overflight  |30:00 Vv N6458C 0103 |[Baron58  |065 160 |JFK /. DIXIE COYLE LEEAH WATERLOO SALISBURY
(BE58) /. NORFOLK
Arrival 3230 Vv N400AE 0104 |Huron 065 140 [ISLIP /. CAMRN PANZE ACY
(BE20)
Depature  |3450 S EJA330 2436 |Citation Il |020 250 |ACY BRIGS HARBO DRIFT PLUME /. BOSTON
(35:00) (C650)
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IFR BUST Alleghany 3533 0443 BALTIMORE /. DONIL LEEAH COYLE /. JFK

(DO NOT
CALL IN)
Overflight 37:30 \Y N17824 0106 |Baron58 |075 auto- 160 |NORFOLK ./. SALISBURY WATERLOO LEEAH COYLE
(BE58) descends DIXIE /. JFK
to 055
Overflight 40:00 \Y N5634X 0105 |Baron 58  |065 160 |JFK /. DIXIE COYLE CEDAR LAKE SMYRNA GARED
(BE58) J. PATUXENT
Departure 4215 S Spirit Wings 123 {7040 |DC9 020 310 ACY LEEAH WATERLOO SALISBURY ./. NORFOLK
(42:30)
Departure 44:40 S Spirit Wings 529(2405 |DC9 020 310 ACY LEEAH SMYRNA BALTIMORE
(44:50)
Overflight 46:00 C N8168R 0542 |Baron 58  |070 180 |NOTTINGHAM ./. GARED WATERLOO AVAL O BRIGS
(BE58) MANTA /. ISLIP
Overflight 48:00 C N18410 3555 |Duke60 060 180 |ISLIP /. MANTA BRIGS SEA ISLE WATERLOO
(BE60) GARED ./. NOTTINGHAM
Departure at 1200 get |V N6792G 0100 |Mark 20 012 055 WWD SEA ISLE HARBO MANTA ./. EAST HAMPTON
(02:35) (MO20)
Scerario 6
Type Cdlin Time | Initial Airaraft Call Beeon | Aircraft Aliitude | Alitude Sped Hight Fan
Departure Includes Catroling Son Cade Type (Initial) (Requeted
Amv d VFRCdlin | Secr
Ovwerflight Time (S=ACY;
C=Wash.
V=VFR)
Depature | 01.00 S Spirit Wings 0564 |DC9 310 ACY/13 LEEAH Smyrna Salisbury ./. Norfolk
715
Depature | 02:30 S Spirit Wings 1323 DC9 310 ACY/13 LEEAH Smyrna Dupmt ./. Harrisburg
541
Depaiture | 05:30 S Jetlink 3917 |2176 |AT42 060 ACY/13 LEEAH Smyrna ./. Baltimare
Arriva 07:20 \Y N236WH 0161 |BE36 035 100 Dover DONIL LEEAH Atlantic City
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Type Cdlin Time | Initial Airaraft Call Beeon | Aircraft Aliitude | Alitude Sped Hight Fan
Departure Includes Catroling Son Cade Type (Initial) (Requeted
Amv d VFRCdlin | Secr
Overflight Time (S=ACY;
C=Wah
V=VFR)
Overflight | 08:30 \Y N3113N 0102 |BE36 015 055 100 McGuire AFB Coyle LEEAH Wateloo Salisbury /.
Norfolk
Arrival 08:30 C Spirit Wings 0524 |DC9 130 065 210 Norfolk ./. Salisbury Watealoo Sea Ide Atlantic City
192
Depature | 09:30 \Y N92297 0101 |BEO2 055 ACY/13 PANZE Robinsville ./. Trenton
Overflight | 0930 C N67414 1645 |BE36 140 060 180 JFK /. Coyle LEEAH Waterloo Salisbury ./. Norfolk
Overflight |1220 C N2036A 2610 |BE36 140 060 180 JFK /. Coyle LEEAH Waterloo Salisbury ./. Norfolk
Arrival 12:50 C N401AC 2472 | LR25 130 080 210 Norfolk ./. Salisbury Wateloo Sea Ide Atlantic City
Depature | 13:30 S Air Shuttle 1706 BEO2 040 ACY/13 CedarLake Woodgown Philaddphia
5237

IFR BUST

Spirit Wings
245

OTT ./. AGARD DONIL Atlantic City PANZE /. JFK

Overflight | 16:00 C N9873Q 4725 | BE55 130 070 230 Norfolk ./. Salisbury Smyrna CedarlLake Coyle./. FK
Arrival 17:.05 C Spirit Wings 0546 DC9 110 080 210 Norfolk ./. Salisbury Watealoo Sea Ide Atlantic City
184
Overflight | 17220 \Y N8168R 0105 |BE58 065 065 180 Boston /. DRIFT FALON Coyle LEEAH Waterloo
Salisbury ./. Norfolk
Depature | 17:30 \Y N31560 0122 |BEO2 055 ACY/13 PANZE Robinsville ./. Trenton
Arrival 17:45 C N38764 7074 | BEO2 140 080 160 Boston /. DRIFT FALON Coyle CedarLake Atlantic
City
Arriva 18220 C N8036V 1077 |BE36 120 080 160 JFK /. Coyle Cda Lake Atlantic City
Overflight | 20:00 \Y N20HJ 0106 |C172 015 055 100 Philaddphia Smyrna CedarLake Coyle /. FK
Arrival 20:20 C N53779 0677 |BEO2 140 060 160 Boston /. DRIFT FALON Coyle CedarLake Atlantic
City
Arrival 21.05 C Spirit Wings 1127 DC9 110 080 210 Norfolk ./. Salisbury Watealoo Sea Ide Atlantic City
227
Depature | 21:30 S Air Shuttle 3014 |BEO2 040 ACY/13 CedarLake Woodgown Philaddphia
5299
Overflight |21:40 C N8772R 0535 |BE55 120 060 180 JFK /. Coyle LEEAH Waterloo Salisbury ./. Norfolk
Arrival 2400 C Spirit Wings 1541 DC9 130 080 200 Norfolk ./. Salisbury Watealoo Sea Ide Atlantic City
191
Overflight |2430 C N761JT 2020 |BE36 140 060 160 JFK /. Coyle LEEAH Waterloo Salisbury ./. Norfolk
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Type
Departure
Amvad
Ovwerflight

Departure

IFR BUST

Cdlin Time
Includes
VFRCAl in
Time

2530

Airaraft Cdl
Son

Air Shuttle
5372
Carnival

Beaomn

0147

Aircraft
Type

BEO2

Aliitude [ Altitude
(nifa) | (Requeted
045

Hight Flan

ACY/13 CedarLake Woodgown Philaddphia

Pendleton, OR Sea Ide Atlantic City PANZE /. JFK

Airlines 53HB

Arriva 28:30 C N99351 1631 | BEO02 120 068 160 JFK /. Coyle Cda Lake Atlantic City
Depature | 29:30 S Spirit Wings 2115 DC9 310 ACY/13 LEEAH Smyrna Dupat /. HAR

205
Overflight |30:10 C N5577J 0552 | BE58 120 060 170 JFK /. Coyle Caa Lake Snyrna Salidury ./. Norfolk
Overflight |31:20 \Y N999PL 0103 |BE36 065 065 120 JFK /. Coyle LEEAH Waterloo Salisbury ./. Norfolk
Depature | 33:30 S Air Shuttle 0556 BEO2 040 ACY/13 CedarLake Woodgown Philaddphia

5294
Overflight |35:30 \Y N3113B 0104 |BE36 015 065 100 McGuire AFB ./ Coyle LEEAH Wataloo Salisbury /.

Norfolk
Depature | 37:30 \Y N13281 0150 |BEO2 055 ACY/13 PANZE Robinsville ./. Trenton
Scerario 7
Type Cdlin Time | Initial Airaraft Call Beeon | Aircraft | Altitude | Altitude Speed Hight Han
Departure Includes Catroling Son Cade Type (Initial) (Requeted
Amv d VFRCdlin | Secor
Ovwerflight Time (S=ACY;
C=Wah.
V=VFR)

Depature | 01.00 S Air Shuttle 0525 BEO2 40 ACY/13 CedarLake Woodgown Philaddphia

5255
Depature | 04:00 S N845MD 4701 BE90 50 ACY/13 PANZE Robinsville ./. Trenton
Depature | 10:00 S Spirit Wings | 6543 DC9 310 ACY/13 LEEAH Smyrna Dupat ./. Harrisburg

235
Overflight [11:10 \Y N63767 0103 C172 65 160 JFK /. Coyle LEEAH Waterloo Salidury ./. Norfolk
Arrival 13:30 \Y N83950 0101 BEO2 55 180 Washinton, DC ./. Woodsown CedarLake Atlantic City
Overflight |15:10 C N33PA 3336 C182 50 230 Norfolk ./. Salisbury Wateloo LEEAH Coyle /. FK
Depature | 16:00 S Air Shuttle 3324 BEO2 60 ACY/13 CedarLake Woodgown Philaddphia

5251
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Type Cdlin Time | Initial Airaraft Call Beeon | Aircraft | Altitude | Altitude Speed Hight Han
Departure Includes Catroling Son Cade Type (Initial) (Requeted
Amv d VFRCdlin | Secor
Ovwerflight Time (S=ACY;
C=Wah
V=VFR)
Arriva 1720 \Y N735YA 0110 C182 65 210 JFK /. Coyle Cdlar Lake Atlantic City
Overflight | 18:00 C Spirit Wings | 3646 DC9 60 210 Norfolk ./. Salisbury Wateloo LEEAH Coyle /. FK
188
Arrival 20:00 \Y; N49TT 0106 MO20 |55 230 Norfolk ./. Salisbury Smyrna Sea Ide Atlantic City
Depature |22:00 S Air Shuttle 0530 BEO2 40 ACY/13 CedarLake Woodgown Philaddphia
5294
Overflight |23:220 \Y N3526U 0105 C182 65 210 JFK /. Coyle LEEAH Waterloo Salidury ./. Norfolk
Arrival 2330 C Spirit Wings | 5714 DC9 80 210 Harrisburg ./. Smyrna Sea Ide Atlantic City
811
Arrival 2409 C Spirit Wings | 3647 DC9 80 210 Norfolk ./. Salisbury Wateloo Sea Ide Atlantic City
178
Arriva 26:00 C N22099 2743 BE36 60 180 JFK /. Coyle HOWIE Atlantic City
Depature |28:.00 S Spirit Wings | 6012 DC9 60 ACY/13 LEEAH Smyrna Dupmt ./. Harrisburg
173
Arrival 31:00 \Y; N2555Q 0104 PA28 55 180 Norfolk ./. Salisbury Watealoo Sea Ide Atlantic City
Departure | 34:00 S N69ZR 2330 BEO2 40 ACY/13 CedarLake Woodgown Philaddphia
Overflight |37:.00 \Y N53379 0102 BEO2 45 180 JFK /. Coyle LEEAH Snyrna Salisbury ./. Norfolk
Overflight |40:30 V N761JT 0107 BE36 65 160 JFK /. Coyle Caar Lake Smyrna /. Harriskurg
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Scerario 8

Type Cdlin Time  [Initial Airaraft Call Beeon  |Aircraft Alitude  |Altitude Speed Hight Han
Departure | Includes Catroling Son Cade |[Type (Initial) (Requeted
Amv d VFRCdl in Secr
Owerfight | Time (S=ACY;
C=Wah.
V=VFR)
Departure |00:15 S Spirit Wings 715/3564 |DC9 020 310 ACY/13 LEEAH SMYRNA DUPONT ... HARRISBURG
(00:25)
Departure |at 1200 et |V N1672G 0100 |Bonanza 36 |012 055 WWD/13 SEA ISLE AVAL O BRIGS MANTA ./. EAST
(01:15) (BE36) HAMPTON
Departure |at 1200 et |V N52407 0101 |Skyhawk 010 065 MIV/10 LEEAH SEA ISLE SNOWHILL ./. NORFOLK
(02:27) 172
(C172)
Arrival 03:36 C Spirit Wings 188/3646 |DC9 070 250 |BALTIMORE ... SWANN SMYRNA SEA ISLE ACY
Departure |4:30 S N279MB 4714  |FK27 020 180 ACY/13 LEEAH SMYRNA DUPONT./. WILLOW
(04:48) GROVE AIRBASE
Arrival 06:00 C N845ME 4754  |King Air 90 |070 190 |[BALTIMORE J. SWANN SMYRNA SEA ISLE ACY
(BE9O)
Departure |at 1200 get |V N6925C 0102 |Lance 010 055 AlY/11 BRIGS HARBO DRIFT /. JFK
(07:14) (PA32)
Arriva 08:24 C Blueidge193 3545 |BA46 080 250 |JFK /. DIXIE COYLE HOWIE ACY
Arrival 09:36 C Carnival 8349 |3174 |B737 070 250 |NORFOLK ./. SALISBURY WATERLOO SEA ISLE ACY
Arrival 10:48 C Air Shuttle 5253 {1565 |Beech02 |050 200 |PHILLY ./. WOODSTOWN CEDAR LAKE ACY
(BE02)
Overflight {12:00 C Spirit Wings 190/6334 |DC9 060 250 |EAST HAMPTON /. MANTA DRIFT HARBO BRIGS
SEA ISLE SNOWHILL ./. NORFOLK
Departure |13:00 S VV7W516 4741 |C12 020 050 ACY/13 PANZE ZIGGI DIXIE ./. TRENTON
(13:12)
Overflight |14:24 C USAIr 1139 6334 |B737 060 250 |BOSTON J. MANTA DRIFT HARBO BRIGS SEA ISLE
SNOWHILL ./. TAMPA
Overflight [15:36 \Y N4794M 0104 |Bonanza 36 |055 155 |NOTTINGHAM ./. GARED SMYRNA CEDAR LAKE
(BE36) COYLE DIXIE J. JFK
Arrival 16:48 C Air Shuttle 5251 {4744 |Beech02  |050 200 |PHILLY ./. WOODSTOWN CEDAR LAKE ACY
(BE02)
Overflight |18:00 \Y N3334C 0105 |Bonanza 36 |045 140 |NEW HAVEN ./. DIXIE COYLE HOWIE LEEAH
(BE36) WATERLOO SALUSBURY ./. NORFOLK
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Type Cdlin Time  [Initial Airaraft Call Beeon  |Aircraft Alitude  |Altitude Speed Hight Han
Departure | Includes Catroling Son Cade |[Type (Initial) (Requeted
Amvd VFRCdl in Secr
Owerfight | Time (S=ACY;
C=Wah.
V=VFR)
Departure |19:00 S Camival Air 4514 |B737 020 350 ACY/13 LEEAH WATERLOO SALISBURY ./. NORFOLK
(19:12) 7218
Arrival 2024 C N28R 6354 |Mystere 070 250 |NORFOLK ./. SALISBURY WATERLOO SEA ISLE ACY
Faloon 900
(DA90)
Overflight |21:36 Vv N456DM 0111 |Bonanza 36 |055 145 |NOTTINGHAM ./. GARED SMYRNA CEDAR LAKE
(BE36) COYLE DIXIE /. JFK
Overflight |22:48 Vv N8014T 0112 |Bonanza 36 |065 140 |JFK /. DIXIE COYLE HOWIE LEEAH WATERLOO
(BE36) SALISBURY ./. NORFOLK
Departure |23:20 S Jetlink 3917 2176 |AT42 020 060 ACY/13 LEEAH SMYRNA ./. BALTIMORE
(23:30)
Departure |25:00 S Viscount Air 7035 |B737 020 350 ACY/13 LEEAH SMYRNA GARED ./. NOTTINGHAM
(25:12) 8311
Arrival 26:24 C Air Shuttle 5299 (2702 |Beech02  |050 200 |PHILLY ./. WOODSTOWN CEDAR LAKE ACY
(BEO2)
Departure |27:20 S N9551M 5554 |Mark 20 020 060 ACY/13 LEEAH SMYRNA ./. BALTIMORE
(27:36) (MO20)
Overflight |28:48 Vv N2061B 0106 |Bonanza 36 |065 140 |JFK /. DIXIE COYLE HOWIE LEEAH WATERLOO
(BE36) SALISBURY ./. NORFOLK
Overflight {30:00 Vv N3684A 0113 |Bonanza 36 |055 140 |NOTTINGHAM ./. GARED SMYRNA CEDAR LAKE
(BE36) COYLE DIXIE /. JFK
Arrival 3112 C OPEC22 3124 |DC9 070 250 |ANDREWS /. SWANN SMYRNA SEA ISLE ACY
Departure |32:10 S Spirit Wings 519/2155 |DC9 020 310 ACY/13 LEEAH SMYRNA BALTIMORE
(32:24)
Overflight |33:36 Vv N55MD 0110 |Bonanza 36 |065 140 |JFK /. DIXIE COYLE LEEAH WATERLOO
(BE36) SALISBURY ./. NORFOLK
Overflight |34:48 C Spirit Wings 812|6224 |DC9 060 250 |[EAST HAMPTON /. MANTA DRIFT HARBO BRIGS
SEA ISLE SNOWHILL /. NORFOLK
Overflight {36:00 C Camival Air 6554 |B737 070 aito- 250 |CHARLESTON /. SALISBURY WATERLOO LEEAH
5323 descends COYLE DIXIE /. NEWARK
to 050
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Type Cdlin Time  [Initial Airaraft Call Beeon  |Aircraft Alitude  |Altitude Speed Hight Han
Departure | Includes Catroling Son Cade |[Type (Initial) (Requeted
Amvd VFRCdlin Secr
Owerfight | Time (S=ACY;
C=Wah.
V=VFR)
Depature |37:00 S Devil 91 4734 |F-16 020 170 ACY/13 BRIGS MANTA RICED
(37:12)
Arrival 3824 Y N9557N 0114 |(Bonanza 36 |055 140 |PHILLY /. WOODSTOWN CEDAR LAKE ACY
(BE36)
Overflight |39:36 Y N3235D 0107 |(Bonanza 36 |045 140 |JFK /. DIXIE COYLE CEDAR LAKE SMYRNA
(BE36) SALISBURY ./. NORFOLK
Depature |40:15 S Hamer 21 4522 |F-16 020 170 ACY/13 BRIGS MANTA RICED
(40:30)
Arrival 42:00 C Air Shuttle 8337|3163 |Beech02 |050 200 |PHLLY ./. WOODSTOWN CEDAR LAKE ACY
(BEO2)
Depature |43:.00 S (V) N7731J 0115 |PA32 020 045 ACY/13 CEDAR LAKE WOODSTOWN MODENA
(VFR) (43:12) BUCKS /. WILLOW GROVE AIRBASE
Overflight |44:24 C N9341C 6664 |King Air 90 |060 190 |EAST HAMPTON /. MANTA DRIFT HARBO BRIGS
(BE9O) SEA ISLE SNOWHILL ./. NORFOLK
Arrival 45:36 C Blueridge198 |3515 |BA46 060 250 |JFK /. DIXIE COYLE HOWIE ACY
Arrival 48:00 C Spirit Wings214|7535 |DC9 070 250 |NORFOLK ./. SALISBURY WATERLOO SEA ISLE ACY
Scerario 0 - Pracice
Type: Callin Time: [Initial Aircraft C all Beacon |Aircraft Altitude |Altitude Speed FLIGHT PLAN
Departure |Includes Controlling Sign Code Type (Initial)  |(Requested)
Arriv al VFR Cdllin Sector
Overflight |Time (S=ACY;
C =Wash.
V = VFR)
Departure  [00:30 S Air Shuttle 5299 5104 BEO2 040 AcY/13 CEDAR LAKE WOODSTOWN
PHILADELPHIA
Departure  [04:00 Y Air Shuttle 5349 {0130 BEO2 045 AcY/13 CEDAR LAKE WOODSTOWN
PHILADELPHIA
Departure  [08:00 S Air Shuttle 5238 {2104 BEO2 040 AcY/13 CEDAR LAKE WOODSTOWN
PHILADELPHIA
Arrival 12:00 C Jet Link3729 0515 ATA42 080 210 JrK /. DIXIE COYLE ATLANTICCITY
Arrival 1250 Vv N66874 0101 PA31 065 190 JrK ./. DIXIE COYLE ATLANTICCITY
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Type: Callin Time: |Initial Aircraft C all Beacon |Aircraft Altitude |Altitude Speed FLIGHT PLAN
Departure |Includes Controlling Sign Code Type (Initial)  |(Requested)
Arriv al VFR Cadll in Sector
Overflight |Time (S=ACY;
C = Wash.
V = VFR)
Arriva 13:15 C Viscount 8503 7473 B737 050 230 SALISBURY SMYRNA SEAISLE
ATLANTICCITY
Overflight 16227 C N72578 2075 BE36 060 180 JrK ./. DixIE COYLE LEEAH
SMYRNA SALISBURY ./. NORFOLK
Arriva 1714 C N201A 1736 MO20 080 150 JFK ./. DixIE CoYLE ATLANTIC CITY
Arriva 17:40 \ N5652M 0102 MQ20 045 150 JFK ./. DixIE CoYLE ATLANTIC CITY
Overflight |22:14 C N1159P 3052 MO20 060 150 Jrk /. DIXIE COYLE LEEAH
WATERLOO SALISBURY ./. NORFOLK
Overflight |25:00 Y N4961L 0103 PA28 045 180 JrK ./. DIXIE CoYLE CEDAR LAKE
SMYRNA ./. NOTTINGHAM
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Apperdix C

Questonnaires
Entry Questionnaire

1. What isyour age in years? years

2. Areyou wearing corrective lenses duing this experiment? O Yes O No

3. How mary years have you adively controlled traffic? years

4. How mary years have you controlled traffic at the Atlantic City TRACON? years

5. How mary manths in the past year have you adively controlled traffic? months

6. What isyour current pasition asanair traffic controller? O Developmental O Full O Cther:

Performarce
Level

Please circle the number that kest describes your notkilled 1 2 3 4 5 6 7 8 910 extremdy
current skill as an air traffic controller. skilled
Comments:
Please circle the number that kest describes the level nosress 1 2 34 5 6 7 8 910 extremey
of stressyou have experienced duting the last several high level of
months stress
Comments:
Please circle the number that kest describes your na 1 2 3456 78 910 extremey
motivation to paticipatein this sudy. mativated mativated
Comments:

. Please drcle the numkber that kest describesyour state nothealthy 1 2 3 4 5 6 7 8 9 10 extremey
of health healthy
Comments:
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11.

Do you search the PVD in one gecid way for

information? If it dependson certain factors, what

are they?

Comments:

12. Please circle the number that test describes your novetical 1 2 3 4 5 6 78 910 aways

preference for vertical separation Sseparation vertical
Sseparation
Comments:

13. Please drcle the number that best describes your novecor 1 2 34 5 6 7 8 9 10 awaysvector
preference for separation through “vectoring” Separation Separation
Comments:

14. Please drcle the number that best describes your nogpeed 1 2 34 5 6 7 8 910 awayssped
preference for speedcmtrol control control

Comments:

15.

Please circle the number that kest describes your
experience with video games
Comments:

no 1 23456 78 910
experienced

extremely
experienced
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Please circle the number that kest describes the
import ance of the following aircraft informatian:.

16.

Aircraft Call Sgn

extremely
low

10

extremely
high

17.

Aircraft Type

extremely
low

10

extremely
high

18.

Aircraft Beacon Cade

extremely
low

10

extremely
high

19.

Controller Ownership

extremely
low

10

extremely
high

20.

Entry Altitude

extremely
low

10

extremely
high

21.

Entry Airspeed

extremely
low

10

extremely
high

22.

Entry Fix

extremdy
low

10

extremely
high

23.

Exit Altitude

extremely
low

10

extremely
high

24,

Exit Airspeed

extremely
low

10

extremely
high

25.

Exit Fix

extremdy
low

10

extremely
high

26.

Arrival Airpart (within sector)

extremdy
low

10

extremely
high

27.

Departure Airport (within sector)

extremdy
low

10

extremely
high

28.

Current Altitude

extremely
low

10

extremely
high

29.

Current Airspeed

extremely
low

10

extremely
high

30.

Current Headng

extremdy
low

10

extremely
high

31.

Current Aircraft Location

extremdy
low

10

extremely
high

32.

Most Recertly Assigned Altitude

extremely
low

10

extremely
high

33.

Most Recerly Assigned Airspeed

extremely
low

10

extremely
high

34.

Most Recerily Assigned Heading

extremely
low

10

extremely
high

35.

Aircraft Holding/Spinning

extremely
low

10

extremely
high

36.

Aircraft Waiting for Hand-off/Release

extremdy
low

10

extremely
high

37.

Aircraft Near Exit Fix/Arrival Airport

extremdy
low

10

extremely
high

38.

Dendty of Aircraft on Radar Display

extremely
low

10

extremely
high




Please circle the number that best describes the

import ance of the following radar display informatian:.

39.

Range Rings

extremely
low

10

extremely
high

40.

System Clock

extremely
low

10

extremely
high

41.

VORs

extremdy
low

10

extremely
high

42.

Fixes

extremely
low

10

extremely
high

43.

Airports

extremely
low

10

extremely
high

44,

Restricted Area Boundairies

extremdy
low

10

extremely
high

45.

ILS Approaches

extremely
low

10

extremely
high

46.

ILS Quter Marker

extremely
low

10

extremely
high

47.

Runways

extremdy
low

10

extremely
high

48.

Holding Pattens

extremely
low

10

extremely
high

49.

Obstructions

extremely
low

10

extremely
high

50.

Sector Boundaries

extremdy
low

10

extremely
high

51.

Filter Settings

extremely
low

10

extremely
high

52.

Future Aircraft List

extremely
low

10

extremely
high

53.

Cdlision Alert

extremdy
low

10

extremely
high




Post-Scerario Quesionnaire

ID: Scenario:

Date

1. Pleasecircle the number that best describes how

edtremely 1 2 34 5 6 7 8 910 extremey

realistic the smulation was. unrealistic realistic
Comments:
2. Please drcle the number that best describes how no 1 2 345 6 78 9 10extremely
r epr esentative the scenario wasof a typical workday.  representative representativ
e

Comments:

3. Pleasecircle the number that best describes if the
ATWI T device interfered with controlling traffic.
Comments:

nointerfer’ence 1 2 3 4 5 6 7 8 9 10 extreme
interference

4. Pleasedrcle the number that best describes if the
oculometer interfered with controlling traffic.
Comments:

nointerfer’ence 1 2 3 4 5 6 7 8 9 10 extreme
interference

5. Please circle the number that best describes how well
the simulation-pilots respanded to your clearancesin
terms of traffic movement ard call-backs.

Comments:

=

extremely poor 2 345 6 78 9 10extremdy

wdll

6. Do you have any othe comments about your
experiences duing the smulation?
Comments:
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7. Please drcle the number below that kest describes how not hard 9 10 extremey
hard you were work ing during this scenario. hard
Comments:

8. Please dircle the number that best describes how well extremely 9 10 extremey
you cantrolled traffic during this scenario poor well
Comments:

9. Please dircle the number that best describes overall extremely 9 10 extremey
situational awareness during this scenario poor well
Comments:

10. Please drcle the number that best describes situational extremely 9 10 extremey
awareness for current aircraft lo cations during this poor well
scenario.

Comments:

11. Please drcle the number that best describes situational extremely poor 9 10 extremey
awareness for projected aircraft lo cations during well
this scenario.

Comments:

12. Please circle the number that kest describes situational extremely 9 10 extremey

awareness far potential violations during this poor well

scenarno.
Comments:
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13.

10

extremely
diffi cult

14.

10

extremely
high

15.

10

extremely
high

16.

10

extremely
high

17.

10

extremely
high

18.

10

extremely
high

19.

Please circle the number that kest describes how extremely
difficult this scenario was. ey
Comments:
NASA TLX

Please circle the number that kest describes the mental extremely
demand during this scenario. low
Please dircle the number that best describes the physical — extremely
demand during this scenario. low
Please dircle the number that best describes thetemporal — extremely
demand during this scenario. low
Please circle the number that kest describes your extremely
perfor mance during this scenario. low
Please circle the number that est describes your effort extremely
during this scenario. low
Please circle the number that best describes your level of  extremely
frustr ation during this scenario. low

10

extremely
high




Exit Questionnaire

Please circle the number that best describes how

edtremely 1 2 34 5 6 7 8 910 extremey

realistic the $mulations were. unrealistic realistic
Comments:

Please circle the number that best describes how na 1 2 345 6 78 9 10extremey
representative the serarios were of a typical representative representativ
workday. e
Comments:

Please circle the number that best describes if the
ATWI T device interfered with controlling traffic.
Comments:

no interference

1 2 345 6 7 8 9 10extreme
interference

Please circle the number that best describes if the
oculometer interfered with controlling traffic.
Comments:

no interference

1 2 345 6 7 8 9 10extreme
interference

Please circle the number that best describes how well
the simulation-pilots respanded to your clearancesin
terms of traffic movement ard call-backs.

Comments:

extremely poor

12 3456 78 9 10extremdy
well

Please circle the number that test describes if the
hands-on training was adequate a day 1.
Comments:

not adequae

123456 78 910adeuae
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Was there anything that you found particularly unique
in the amulation that you would not see at your home
facility ?

Comments:

Were you constantly aware of wearing the oculometer,
or did you tune it out?
Comments:

Do you serch the PVD in one special way for
informatian or does it depend on certain factors ard if
so, what ae they?

Comments:

10.

How doyou decide whether or not to suppress data?
Comments:

11.

Is there anything alout the sudy that we should have
aked or that you would like to comment alout?
Comments:
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Apperdix D
Obsewer Checklist

Instructions for quesions 1-24

This form was degjned b be used ly instructor cettified ar traffic cantrol specalist to evaluate
the effectiveness of controllers working in smulation environments. Observers will r ate the
effeciveress @ controllers in seweral different performance aeas usig the scat slow below.
Whenmaking your ratings, pleas ty to use he erire scaé range as machas pasble. You are
encouraged to write down observations and you may make preliminary ratings duiing the course
of the scearno. Howewer, we recanmend that you wat urtil the sceario is finished lefore
making your find ratings. The observations you make do not need to berestricted to the
performance aeas cwoered in this form ards nay include dher areas hat you think are important.
Also, please wite davn ary comments that may improve this evaluation form. Your idertity will
reman anonymous so do not write your name on the form.

Raing

Label Description

1

2

Controller denonstrated exrenely poor judgmnert in making cantrol decsions ard very
frequenly made erors

Controller denonstrated paor judgmert in making some control decsions ard
occasonally made erors

Controller make quetionable decsions usng poor control techiqueswhich led to
restricting the rormal traffic flow

Controller demonstrated the abilit y to keep aircraft separated but used spacing and
sepaation criteria which was exessie

Controller denonstrated adequatjudgmnert in making cantrol decsions

Controller denonstrated gand judgnert in making cantrol decsions usng eficiert
control techniques

Controller frequenly denonstrated exelent judgmnert in making cantrol decsions
usng exrenely good control techiques

Controller alays denonstrated exelent judgment in making eventhe nost difficult
control decisions while usng outstanding control techniques
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Maintaining Safe and Effi cient Traffic Flow

1.

Maintaining Separation and Resolving Potential Conflicts

- usgng control instrudions that mairiain save aircraft separation
- deecting ard resolving impending conflicts early

Comments:

. Sequencing arival and Departure Aircraft Efficiently

- ugdng dficient and orderly gpacing techniques for arrival and departure aircraft
- maintaining safe arrival ard departure intervalsthat minmize ddays
Comments:

Using Caontral Instructions Effectively

- providing acuratenavigational asistance to pilots

- avoiding dearances that result in the need for additional instructions to handle
aircraft completely

- avoiding excessive vectoring or over-controlling

Comments:

Overall Safe ard Efficient Traffic How Scale Rating

Comments:
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M aintaining Attention and Situation Awareness

5. Maintaining Awareness d Aircraft Positions
- avoiding fixation on one area of the radarscope when other areas need attention
- udng scaming pattens that manitor all aircraft on the radarscope
Comments:

6. Ensuring Positive Contral

Comments:

7. Detecting Filot Deviations from Caontrol Instrudions
- ensuring that plots follow asigned clearances correctly
- correcting pilot deviations in a timdy mamer
- avoiding excessive vectoring or over-controlling
Comments:

8. Carecting Own Errorsin a Timdy Manner

Comments:

9. Overall Attention and Situation Awareness Sale Rating

Comments:
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Prioritizing

10. Taking Actions in an Appropriate Order of Importance
- resolving stuations that need immadiateattention before handling low priority
taks
- issuing control instructions in a pioritized, grucured, ard timdy mamer
Commaents:

11. Preplanning Cantrol Actions
- scanning adacent sectors to planfor inbound traffic
- studying pending flight stripsin bay
Commaents:

12. Handling Control Tasks for Several Aircraft
- shifting control tasks between
- avoiding ddays in communications while thinking or plaming control adions
Comments:

13. Marking Flight Stripswhile Performing Other Taks
- maiking flight stripsaauratdy while talking or paforming other taks
- keeping flight Srips current
Comments:

14. Overall Prioritizing Scale Rating
Comments:

Providing Control Information

15. Providing Esential Air Traffic Control Information
- providing mardatay services and advisories to pilots in a timdy mamer
- exchanging essential informatian
Comments:

16. Providing Additional Air Traffic Control Information
- providing adlitional services when workloadis not a factor
- exchanging adlitional informatin
Comments:

17. Overall Providing Cantrol Informatian Scale Rating
Comments:
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Technical Knowledge

18. Showing Knowledgeof LOAs and SOPs
- contralling traffic asdepicted in current LOAs and SOPs
- peforming hand-off procedures correctly
Comments:

19. Showing Knowledgedf Aircraft Capabilities and Limitations
- avoiding dearances that ae beyond aircraft performarce parameers
- recognizing the need for spead restrictions and wake turbulence separation
Comments:

20. Overall Technical Knowledge Scale Rating
Comments:

Communicating

21.Using Proper Phraseology
- ugng wordsand plrases specified in ATP 711065
- ugng ATP phraseology that isappropriate for the sStuation
- avoiding the use of excessive verbiage
Comments:

22. Communicating Clearly ard Efficiently
- gpeaking at the proper volume and ratefor pilots to understand
- speaking fluently while scaming or peforming other tasks
- clearance ddivery is complete, correct and timdy
- providing complete informatian in each dearance
Comments:

23. Listening for Filot Readbacks ard Requests
- correcting pilot readback errors
- processing requests correctly in a timdy mamer
Comments:

24. Overall Communicating Scale Rating

Comments:




Instructions for quesions 25-35

The following quesions have as sca ranging from 1 to 10. Where 1 epresers “extremely low,”
“extremely infrequen,” “strongly disagee”, etc. ard 10 epresetts the aher extreme o the
spectum

These questns are the sane as we hve asked lhe catroller atter the scearno. We would like
you to give usyour impression of how these questions will be rated by the controller.
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25. Please dircle the number that best describes the novertical 1 2 3 4 5 6 7 8 910 aways

controller’s preference for vertical separation Sseparation vertical
Sseparation
Comments:

26. Please circle the numker that kest describes the novecor 1 2 345 6 78 910 always wector
controller’s preference for separation through Sseparation Sseparation
“vectoring”

Comments:

27. Please circle the number that best describes the nogpeed 1 2 34 5 6 78 910 awayssped
controller’s preference for speedcmtrol control control
Comments:

28. Please dircle the number below that kest describes how nothaad 1 2 34 5 6 7 8 9 10 extremey
hard the cotroller was work ing during this scenario. hard
Comments:

29. Please drcle the number that kest describes how well extremely 1 2 34 5 6 7 8 910 extremey
the cantroller controlled traffic during this scenario poor well
Comments:

NASA TLX

30. Please circle the number that best describes the mental edremely 1 2 34 5 6 7 8 910 extremey
demand during this scenario. low high

31. Please drcle the number that best describes the physical extrenely 1 2 3 4 5 6 7 8 9 10 extremey
demand during this scenario. low high

32. Please drcle the number that best describesthetemporal  extrenely 1 2 3 4 5 6 7 8 9 10 extremey
demand during this scenario. low high

33. Please circle the number that best describes the overall edtremely 1 2 34 5 6 7 8 910 extremey
performance during this scenario. low high

34. Please dircle the number that kest describes the effort extremely 1 2 34 5 6 7 8 910 extremey
during this scenario. low high
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35. Please circle the number that best describes the level of edtremely 1 2 34 5 6 7 8 910 extremey
frustr ation during this scenario. low high




Apperdix E
Performance Varade

Table E1. Performance Varades

Perfor mance Data

Units

Conflicts:

No. Conflicts

Dur. Conflicts

seconds

No. Standard Canflicts

Standard Conflicts APl (Aircraft Proximity Index)

Mean Standard Canflicts API

Dur. Standard Canflicts

seconds

No. Longitudinal Conflicts

No. Longitudinal Conflicts AP

O|X (N [T (W|N=

. Mean Longitudinal Conflicts AP

10. Closest-Point-of-Approach

feet

Complexity:

11. Cunulative Average System Activity

12. Altitude Changes

13. Heading Changes

14. No. Speed Changes

Error:

15. No. hand-dffs Outdde Boundary

16. No. Turn/Hold Delays

17. Dur. Turn/Hold Delays

seconds

18. No. Start Point Delays

19. Dur. Sart Point Delays

seconds

Communications:

20. No. Ground-to-Air Contacts

21. Dur. GroundTo-Air Contacts

seconds

22. No. ATCS Messayes

23. No. Pilot Messaje Key Strokes

Taxk load

24. No. Aircraft Handed

25. Dur. Aircraft Time Under Cantrol

seconds

26. Distance Hown

miles

27. No. Campleted Hights

28. No. Departure Altitude Not Attained

29. No. Arrival Altitude Not Attained

30. No. hand-dffs Acceped

31. Hand-doff Accepi Delay Time

seconds
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Apperdix F
VisualScaming Varnales
Target
Targets ae dyjects, either stationary of moving that canbe looked atby anATCS (Tade F1)

Table F1. VisualScaming Targets

Targds ID needed
Stationary v
Radar Returns v
Data Bocks v
Keyboad

Tradk Ball

Flight Strips v
ATWIT Pane

When an ID is needed that will mean that the total number of targets includes eachof the targets
within a caegay. Stationary targets ae ATCoachfixes ke the VORs,ILS lines,flight table,
etc.

Fixation

A fixation is a sequete d atleast6 oculometer sanples with anintersanple dstarce d less han
1 degee d visualamgle. At 1 nmeter distarce this correspondsto a cicle with a 873 nm radius
The distarce etweentwo sanples is the rorm of the veciria difference d the sarple
coordinates. If 2 fixations ae rot sepaated by either a Hink or a saccadesée deihitions kelow),
these fixations should be combined within one fixation. In summay:

Fixation if:
D = \/((Xi-Xi+1)2 +(yi'yi+l)2) >8.73 M
with D the dstarce ketweento sutsequen sanples xard
y the rorizontal ard vertical point of gaze cordinates in
mm respectively
ard:
n>6 with n the number of samples in a sequence
ard

sepaated by a Hink or a saccade

Related to afixation the following variables need to ke calculated: Fixation Duration and Fixation
Area. Fixation Area s anappoximation of the aea cwered by the FOG due 6 eye novements
within afixation.
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Fixation Duration:
FIXDUR = tsampe * Zsamples
With tsamge Where the duation of a sarple (/s secand)
ard >sample is the total number of samples within a

fixation
Fixation Area:
FIXAREA = (max(xﬁ X)-mi n(xﬁ x))* (max(yﬁ X)-mi n(yﬁ x))
with Xix ard v« the sequeces d horizontal ard vertical
POG cardinates within a fixation respecively
Blink

A blink is the complete or patial closure of the eye. The oculometer will sugges that the velocity
at the gart ard erd of a dink wasgreater than 700 degeesper secand which corresponds with
6.108"/s. This is physically impossible, but it does give usaway to determine start and end of a
blink. A blink starts after the last sample of the previousfixation and sops before the first sample
of the next fixation. In summary:

Blink if;
VEL = \/((Xi-Xi+1)2 +(yi'yi+l)2) / tsample > 6.108 m/S
with VEL being the a cude esimate of the tangertial
velocity ard x ard y the horizontal ard vertical point of
gaze cordinates in mm respecively. The indexderotes
the current sample i and next sample i+1 respectively
ard:

n>12 with n the number of samples in a sequence
Rekted to a Hink the following variades reed b be caktulated: Fixation Duration ard Blink
Distarce. Blink Distarce s the dstarce covered by the FOG due 0 eye novements duing a
blink.
Blink Duration:

BLNKDUR tsampe * ZSAMples
With tsamge Where the duation of a sarple (/s secand)
ard Xsample is the total number of samples within a blink

Blink Distarce:
BLNKDST

(Xn=Xp)* (Yn~Yp)

with x ard y the torizontal and vertical paint of gaze
coordinates in mm respectively. The index denotes the
last sample of the previousfixation p and first sample of
the next fixation n respectively

Saccade

A saccadesithe tallistic movement of the eye from one fixation to the next. A saccades
characterized ly fast eye novements of up o 700 degeespersecand. The cutoff for a accade
is a diference n distarce ketweentwo sulsequen saccadeshat is greaer or equalto 8.73 nm,
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lasts atleas 3 samples (or a \elocity of 0.524"/,), ard the \elocity is less or equalto 700 degees
persecand (6.108"/y). The saccade Wstart at the end of the last sample of the previous fixation
and will end at the beginning of the first sample of the next fixation. In summay:

0.524 > VA > 6108"/;
ard:
n>2

Rekted to saccades aumber of varialdes reed b be cakulated: Saccade Dution, Saccade
Distarce,ard Saccade Velcity. The saccade siarce sthe amular distarce raveled duing a
saccaden degees. The saccadedocity is the average eocity within a saccadenidegees per
secand.

Saccade Dution:
SACDUR= tsange * Zsamples

With tsamge Where the duation of a sarple (/s secand)
ard >sample is the total number of samples within a
saccade
Saccade DGdtarce:
SACDST = (Xn-Xp)* (Yn-Yp)

with x ard y the torizontal and vertical point of gaze
coordinates in mm respectively. The index denotes the
last sample of the previousfixation p and first sample of
the next fixation n respectively

Saccade Vaeicity:
SACVEL = 2 (\/((Xi'xiﬂ)2 +(yi'yi+1)2)) / tsample * Neaccae
With tsamge Where the duation of a sarple (/s secand)
ard Ngccae 1S the rumber of sanples within the saccade
Dwell

A dwel isdefned as a sequee d fixations that return to a bbcaion within 1 degee d visual
from a targetlocation or within 1 degee d visualargle if the FOG daes rot rest on a target
Thiswayincluded n a dwel are abo moving targets.

Rekted to dwels a rumber of variades reed b be cakulated: Dwel Duration ard Dwel Area.
Dwell Duration is the duration between the sart of the first sample of the first fixation and the
end of the last sample of the last fixation within a dwell sequence. Dwell Areais an
appioximation of the aea cwered by the FOG within a dwel.

Dwell Duration:
DDUR = tn,fixm - tl,fin

with ty5ix 1 IS the gart of the first sample of the first
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fixation ard t,ixm iS the erd (sanple n) of the last fixation
(fixation m).
Dwell Area:
DAREA = (max(xﬁx)-min(xﬁx))*(max(yﬁx)-min(yﬁx))

with Xqx ard v« the sequeces d horizontal ard vertical
POG caoordinates within a dwel respecively

VisualEfficiercy

Visualefficiercy is deined as he pioportion of the total scaming time that is spen fixating.

VisualEfficiercy:
VISEFF = (mear{FIXDUR) * Ngy) /
(mear{FIXDUR) * Nsx + mear{SACDUR) * N¢)

In fact, thisis nothing more thanthe pation of the ime that the eye is fixed once te Hinks ae
removed:

VisualEfficiercy:
VISEFF = ZFIXDUR / (ZFIXDUR + ZSACDUR)

with ZFIXDUR the sum of the dumtion of the fixations,
>SACDUR the sumof the duiation of the saccades dn
TIME the totd time in seconds.

Eye Mation Workload

Eye Mation Workload s deined as he awerage saccadeation in degees ly the rumber of
saccadesor:

Eye Mation Workload:
EYEMWL = mean (SACDST) * Nsz / TIME

with Nz the rumber of saccades whin the interval under
study and TIME the totd time in seconds
In fact, this is nothing more than the totd distance traveled divided by the totd the time:
Eye Mation Workload:
EYEMWL = >SACDST / TIME

with ZSACDST the sumof the dstarce d the saccadesi
degees ad TIME the fotal time in secands.

Pupil Motion Workload

Pupil Motion Workload s defned as he sumof the awerage pugidiameter within a fixation
divided by the totd time within the interval under consideration.
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Pupil Motion Workload
PUPMWL = >||mear{PUPDIAM )sxi- mean(PUPDIAM)sixi+1)|| / TME

with PUPDIAM the pupl diarmreter in mm based o a
conversion from ASL arbitrary units to mm of 0.044 nm
per ASL unit. The indexfix i ard fix i+1 derote the ith
ard the H1th fixation respecively

It seers if the aubor of the aticle that this measue was lbsed am was afer the “distance”
traveled duing aninterval. | is of course p@sble to sepaate the aculometer sanples that do not
include binks ard thento cakulate the cunulative sumof the pupl diameter differences. This
may be a nore accuete esimate of pupi workload:

Pupil Average Work:
for fixations o saccades:
PUPAW = Z||PUPDIAM; - PUPDIAM;.4||

with i and i+1 oculometer sample i an i+1 respectively. In
this case e oculometer sanples that occur during dinks
are removed from the tmeseies d dat.

Conditional | nformation

The conditional information is defined by Brillo uin (1962)asde<ribed in Ellis (1986) The
formula will here be given without getting too much into the ddtails:

CONINF = Zp *[Z p; *log. (p,)] withi#Z |

with p; is smple probability of viewing target i, and p;; is
the probabilit y of atransition from target i to target .
Simple probabilit y was ddined by Ellis (1986)asthe
percertage d time spemn on eachpaticular target or
jumping betweeneachtarget Here we will calculate it
not as a peacentage of time, but the ratio of the number of
times onatarget and the totd number of fixations and the
number of trarsitions ard the total number of saccadesof
pi ard p; respecively.

The curent experiment used he seécted visualscaming listed in Table F2
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Table F2. VisualScaming Varales

Visual S@anning Units
1. Numberof Fixations

2. Mean Duration of Fixations seconds
3. Mean Fxation Area inches’
4, Number of Blinks

5.  Mean Blink Duration seconds
6. Mean Ostane Traweled Within A Blink inch
7. Mean Duration of Sacades seconds
8. Mean DOstane of Saccades inch
9. Mean Ripil Diameter millim eter
10. Mean Duration o Fixations on Radarscope seconds
11. Mean Duration of Fixations on Keyboard Area seconds
12. Mean Duraion of Fixationson ATWIT Device seconds
13. Mean Duration o Fixationson Flight Strip Bay seconds
14. Mean Duraion of Fixationson Aircraft seconds
15. Mean Duration of Fixations on Static Objects seconds
16. Mean Duration o Fixations on Departture List seconds
17. Mean Duration of Fixations on System Settings seconds
18. Mean Duraion of Fixationson Preview Area seconds
19. Mean Duraion of Fixationson CA/LA Area seconds
20. VisualEfficieny

21. Eye Motion Workload inch/second

22. Pupil Motion Workload

millim eter/second
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Apperdix G
Scerarios arl Schedule

Table G-1. Overview o Dates amd Test Everts

Date Event
May 20 - 24 Pilot Data Mllection (2 Ss)
May 27 - June 1 Procedure ard Data Sreening
June 3 - June 28 Final Data Qllection (8 Sg)
July 1 - July 26 Data Analysis
July 29 - Augud 23 Repart Writing

Table G-2. Two Day Timeline for Atlantic City ATCS

Day 1
Time Event Fadlities Used
830 Welcome Act's + Entry Questionnaire Briefing Room
900 Sector Briefing “
945 Tour Facilities ER4
1015 Coifee Break -
1030 Equipment Familiarization Run ER4/ECA/Black Room
1100 Break -
1130 Expeaimental Run | ER4/EC4/Black Room
1230 Lunch -
1330 Expeaimental Run 1l ER4/ECHA/Black Room
1430 Break -
1500 Expeaimental Run 111 ER4/ECHA/Black Room
1600 Data Backup ER4/ECHA

Day 2
Time Event Fadlities Used
815 Simulation Review (if necesary) ER4
830 Expeaimental Run IV ER4/ECA/Black Room
930 Break -
1000 Expeaimental Run V ER4/ECA/Black Room
1100 Break -
1130 Expeaimental Run VI ER4/ECHA/Black Room
1230 Lunch -
1330 Expeaimental Run VII ER4/ECA/Black Room
1430 Break -
1500 Expeaimental Run VIII ER4/ECHA/Black Room
1600 Exit Questionnaire ER4
1630 Data Backup ER4/ECHA
1700 End -




Table G3. Idealzed Rurticipart Schedule Broken Down by Days

Month Date Day Participarnt #
May 20 1 Pilot Participant 1
“ 21 2 Pilot Participant 1
“ 22 1 Pilot Participant 2
“ 23 2 Pilot Participant 2
“ Break to check/redo data/pocedures (5/27 isMemarial Day).
June 3 1 Participant 1
“ 4 2 Participant 1
! 5 1 Participant 2
! 6 2 Participant 2
“ Friday - used for post scenario procedures
“ 10 1 Participart 3
“ 11 2 Participart 3
“ 12 1 Participarnt 4
“ 13 2 Participarnt 4
“ Friday - used for past scenario procedures
“ 17 1 Participart 5
“ 18 2 Participart 5
“ 19 1 Participart 6
“ 20 2 Participart 6
“ Friday - used for past scenario procedures
“ 24 1 Participant 7
“ 25 2 Participant 7
“ 26 1 Participart 8
“ 27 2 Participart 8
Table G4. Scerario Nunber Based o IV Level
Scenario # Task load Overflight Intruson Type
1 low yes IFR, VFR
2 high yes IFR, VFR
3 low no VER (2)
4 high no VER (2)
5 low yes IFR (2)
6 high yes IFR (2)
7 low no Basdine
8 high no Bagline




Researhers cainterbalarced he presemation order of the scearios (Talde G-5).

Table Gb. Counterbalarcing Scheme for 12 ATCSs
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Apperdix H

Integrated Eye Movement and Smulator Data File Format

The text below is a snall portion (less banone secad) of a daa file that integrates te daa
recaded ly the smulator data with the eye novement dat. The eye novement related
information is exracted fom point of gaze mformation. The pant of gaze mformation is
callecied ata rate of 60 sarples persecand.

082204975498 B: 18 -0.415 -7.230 2440 -1.850 8.0528 0.3000

08204977164 S: 2 -7.230 -7.310 -1.850 -2.210 0.3688 0.0167 2213

08204985498 0: 6 -7.435 -7.310 -2.595 -2.195 0.0500 0.0833

D: USA454 165 165 883 883 1.427 6/6

D: DAL79 424 424 652 652 1.963 6/6

D: DAL918 360 360 578 578 2.138 6/6

The first line s anexanple d the format for information related to eye Hinks:
» the dart time of the doservation (08:20:4975498)

» thetypeof observation (B:, or ablink),

» the rumber of point of gaze saiples (18),

o dart (horizontal :-0.415, verticat -7.230 ncheg ard

* end (horizontal: 2.440, verticat -1.850 ncheg radarscope cardinates,

» the dstarce raweled 8.0528 nches,

* ard the duation (0.3000 £cands)

The secod line is anexanple o the format for information related to saccades:
» the dart time of the doservation (08:20:4977164)

» the type d obsewation (S;, or a saccade)

» the rumber of point of gaze saiples (2),

» dart ard erd horizontal coordinates. -7.230 -7.310 ard

» dart ard erd vertical coordinates: -1.850 -2.210,

» the dstarce raweled 0.3688 nches,

» the duation (0.0167 £cands),

» the awrage \eocity (22.13 inches persecad)

The third ard following lines brm anexanple d the format for information related to fixations:
On the third line;

* the dart time of the doservation (08:20:4985498)

» the type d observation (0:, 1:, 2:, 3:, 4:, fixations on scere pares0-4),

» the rumber of paint of gaze samles (6),
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start ard erd horizontal coordinates: -7.435 -7.310 anl
start ard erd vertical coordinates; - -2.595 -2.195,
the aea caoered traveled 0.0500 guae inches,

the duiation (0.0833 £cands),

The line following the gereral fixation information displys the dojectthat was cbsestto the
center of the fixation, in this cag, USA454. The following inderted inespreert a st of objects
that are within a radius d 2 inches awayfrom the cener of the fixation. The format is as bllows:

the type d obsewation (D:, S: Dynamic or Static Olject),

start ard erd horizontal coordinates: 165 165 n pixels ard

start ard erd vertical coordinates. 883 883 n pixels,

the dstarce raweled (1.963 ncheg,

the number of samples the olject was within the fixation radius (6 ou of 6 fixation samples)
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Apperdix |
Snapslots o Fixation Distributions ard Smulator Images ad Data
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Figure I-1. Fixation Distribution during a45 mirute Smulation of a low task load scenario
without visualnoise. The unts for horizontal ard vertical coordinates ae in pixels. The top left
corner carrespands wih the top left corner of the radar scqoe.
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Figure 1-2. Fixation Distribution during a45 mirute smulation of low task load scenario without
visual noise. The flight path of a depature, BTA3721 & supeimposed. The crcles repreen
fixations that were idertified asfixation on flight BTA3721. The unts for horizontal ard vertical
coordinates ae in pixels.
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Apperdix J
Statistical Backgiound

This secton provides he readerwith backgiound information on the satistical methods usedn
thisreport. These satistical methods ae paverful tools that alow reseachers to deermine the
most probable outcomes of an experiment based on limited sample Szes. The following
paragraphs explain gerera conceps in statistics, the methods utlized n this study, ard sane
important considerations to use hemeffectvely.

The pupose d ary statistical expeliment is to deermine the efect of certain factors an one o
more outcome variables (dependent variable or DV). An exanple d a DV is the rumber of
altitude clarnges anPATCS makes.This DV could be affected ly the type d airspace {erminal,
enroute, or ocearnc), the rumber of aircraft flying throughor to the seobr, or many other factors.
The manipulated faciors d anexperment are the IV s (or 1V s). Each manipuletion of an IV (e.g.,
25 phresor 45 phreg forms a gparate experimental condition. Eachtria undera paticular
condition is termed an observation.

Expeltiments caninclude ae a more IVs. Whenanexpeliment includes nore thanone IV,
multiple 1Vs can affect the outcome differently. This is called an interaction. It would be
impossble o studythe efects d type d arspace ad number of arcraft indepemwlertly. When
such interactions between IV's occur, the researcher will study the effect by holding one variable
constant while varying the others. This is called testing for simple effects. In this way, the
reseacher obtains a pcture d how the varialdes interact by examning the autcome o each
manipulation. Whenreseachers sudy the efect of eachlV sepaately (no interactons), it is
termed anaralysis of main effects. Main effects canonly be studied n the alserce d
interactions.

The rumber of values or the IVs included n anexperiment depenls a1 several pracical
consderations. For exanple, if a reseacher is studying the decsion-making paterns o
controllers as a @inction of type d airspace,the values d the IV, type d arspace {ower,
TRACON, erroute), are ckar. In other casestie arswerwould deped upa what type d
outcome the reseachers reeded fom the resuks o the expeliment as wel as sone pracical
considerations. Different values @ IVs, termedlevels, canincrease lte rumber of experimental
conditions ard thus increase he resources reded d complete the expetiment. Ore cancetainly
imagine the complexity and length of an experiment in which controllers with experience ranging
from 1 to 50 years creaing 50 ncrenmenta levels were studied. It would be far simpler ard easér
to studythe efectof controller experierce ty usng only three caggaies: Developmertal, Full
Peformance Level (FPL), and Sipervisor.

What is the rumber of obsewvations required for eachtest condition? Increasng the rumber of
obsewations increaseshe shtistical power of the experiment. Increased sttistical power mears
that an increased probabilit y exists that the outcome of an experiment will lik ely be true for the
ertire populaton. Howewer, increasng the rumber of obsewrations comes atthe experse o
greaer numbers d paticiparts, more time, or both. An efficient expetimental desgn should
include eough obsewations for reasmalle statistical power without including umecessar
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obsewations that could dramaticaly increase demnds fr resources utess here was anncreased
need for power.

With insight into gatistical terminology as well as some background into considerations involved
in experimental design, it is now useful to look into severa different categories of experiments
ard satistical methods usedd deermine sgnificart outcomes. For simplicity, eachof the
following catgaies involve anly a sngle IV (the expelierce kvel of controllers). In increasng
level of complexity, three categories of experiments will be examined:

1. Observations on asngle DV under two conditions (T-test)

2. Observations on a sngle DV under multiple conditions (ANOVA)

3. Observations on multiple DV under multiple conditions (MANOVA)
Eachof these catgaies is discussed édow.

Observations on a Single Variable Under Two Conditions

Whena reseacher warts to compare wo conditions, the average & multiple obsewations on a
single variale are takenundertwo conditions, ard the expelimenter pefforms a T-test.

Howewer, anawerage \alue canoften be misleadng. Within a goup d suchobsewations, same
differences will exist in the individud observations that contributed to the average  Some
Developmental controllers may be faster learners than others and will use less dtitudechanges in
orderto control traffic. The average mmber of atitude clarges br al Developmenrta controllers
caninclude a wile range d values. The diferences letweenthe individualtimes arl the mean
number of times represeits the variability of the daa. As the variability in the daa increases, the
meanvalue s less usail to the reseacher because @y of the individualvalues ae far from the
mean. Fgure J1 illustrates the variability of data.
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Figure J41. Two ses of obsewvations with the sane mears, but very different values.

If a reseacher warts to compare two sanples, the canpaiison not only involves canpaiing the
averages but aso the variabilit y within the observations. For this reason, the true mean (the mean
a reseacher would catulate if he/she sanpled the rumber of altitude clarges or al
Dewelopmertal controllers in the warld) differs from the sanple mean A reseacher mustask f
the diference n the nmears o these Wwo set of obsewvationsis a rue dfference a caused ¥

J-2



charce. Thisis where probability theary aids he reseacher. Statistics canhelp the reseacher
determine the probabilit y that the two means for the entire population (al controllers) are
different from the sample (limited numkber of controllers). The datistical test used in this case is
thet-test. The ttest compares o averages ad checks f the wo awerages ag diferent due b
charce abne. It isimportant to recaynize that the ttest never gives the reseacher 100%
assuance hat the wo mears actialy differ. It is common pracice ataccepta 95%assuance
(or, in other words, a5% risk) as sufficient guaantee.

SUMMARY OF A T-TEST: An experiment includes muitiple observations on a single variable
under two conditions. The average values (means) of the two conditions takes variabilit y into
consderation. The analyses determines the probabilit y that the means differ dueto chance aone.

Exanple: Whenone canpares te rumber of atitude clarges letweenDewelopmertal ard FPL
controllers a alocal center, the comparison involves mutiple observations. The multiple
obsewations consist of the rumber of atitude clanges ¢ eachindividualwithin the expelierce
level. The variale is the rumber of altitude clarges. The canditions include he two levels of
expelierce. FHgure J2 is a gaphcal disply of this exanple. Althoughit stows a diference n
number of atitude clarges letweenthe wo groups,same individual obsewvations ovedap. A t-
test exanines f this difference was causedyltharce.

80 ‘
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Figure J2. Multiple obsewvations of altitude clarges as aunction of experierce kvel.

Observations on a Single Variable Under Multiple Conditions

Where the t-test compared he aerages bBtweentwo conditions, the analysis of variance
(ANOVA) comparesaweragesof a sngle variade betweenmultiple conditions (i.e., the rumber of
altitude clargesincluding Dewelopmental, FPL, ard Supewnisors). An ANOVA tests if these
averages as diferent due b charce abne. The hesic test resuks in anF value for asingle DV
(the number of atitude clarges) The value d F ranges fom O to infinity (). A large F value
may indicate that the IV (experience kvel) has a poverful effecton the DV (number of aktitude
charges)with less lkelihood that differences letweenmears cccurred by charce. The stength of
asseiation (e.g., ) or percert of variarce exlained is anindication of the difference n the
strength of effects ketweenconditions. A difference etweenmears s significant if there isa
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very high probabilit y that the means are actudly different (usudly greater than 95%). Sometimes,
there is a sgnificart difference wrere the Fvalue srelatively low. Thisindicates hatthe IV does
not have avery srong dfect.

An ANOVA canshow that there is a diference n mears not caugd by charce abne. If the
ANOVA indicated hat the rumber of altitude clargesvarieswith experierce kvel, are the nean
number of akitude clarges br Developmertal controllers different than FPL controllers? The
meanfor Developmenta controllers differs significartly from those of FPL but not significartly
from those for Supevisors. Therefore, another test needsto compliment the ANOVA. This test
is called apog hoc comparison. Researchers will use post hoc comparisons to determine which
of the pars d mears difer significartly.

SUMMARY OF AN ANOVA: The ANOVA comparesaweragesof a sngle DV betweenmultiple
conditions ard tests if these agrages a& diferent due b charce abne. The test resuks in anF
value. A large Fvalue ndicates kss Ikelihood ard a snall value ndicates ncreasedikelihood
that differences letweenmears accurred by charce. A difference letweenmears is significant if
there is a very high probabilit y that the means are actudly different. A post hoc comparison
determines which means differ.

Exanple: Whena reseacher compares he rumber of atitude clarges letweenDewelopmental,
FPL, and Supevisors & aloca ARTCC, the comparison involves mutiple observations. The
multiple obsewnations are the rumber of akitude clarges ¢ eachindividualwithin eachgroup.
The variade is the rumber of atitude clarges. The canditions are the three eperierce kevels.
Figure 33 displays the daa related to this exanple. Same differencesin number of aktitude
charges eist betweenexpelierce kvels, but there is overlap betweenobserations in each
expetierce kvel. An ANOVA would deermine if these diferencesare due o charce abne. If
the ANOVA indicated hat there is some difference n expelierce kevels regarding number of
altitude clarges,post hoc camparisons wauld indicate which mears assoiated wih which
expelierce kevels differ.
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Figure J3. Multiple obsewations of akitude clarges as auinction of experierce kevel.
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Observations on a Multiple Variable Under Multiple Conditions

Where anANOVA comparesaweragesbetweenmultiple conditions for a sngle variade (a
univariate test), the multivariate ANOVA (MANOVA) comparesaweragesfor several DVs
smultarecudy ard tests if these aeragesare diferent due b charce abne. Suppae that
reseachers warted b exanmne rumber of atitude clargesand the rumber of heading charges.
Also suppacse that the researchers warted D test both of these nmeasiresasa function of
experierce kevel. This presens a case bmultiple DVs (number of atitude clarges ad rumber of
headng charges)ard multiple conditions (Dewelopmental, FPL ard Supewisor). The
expelrimenters focus o how experierce kvel affects the setof variades(number of altitude
chargesand number of headng chargeg. A reseacher would not do two ANOVAs for eachof
the DVs qumber of atitude clargesand number of heading charges)because msleading
outcomesresult from multiple ANOVAs. A MANOVA is more appopriate.

The kasic MANOVA test resultsin a velue caled Wilk’s Lambda (A) that includes be efects o
more than one DV (both number of atitude clarges ad number of heading charges) The value
of Wilk’s Lambda ranges fom zeio to one. The lower the value d A, the nore powerful the
effectof the IV (expelience kvel) on the setof DVs ard the less Ikely it is that the diferences
betweenmears accured by charce. Sometimes, there is a sgnificart difference wrere A is
relatively high. This indicates tat the efectis not that strong.

After a sgnificart result of a MANOVA test, researcchers then conduct ANOVA tests (one for
number of akitude clarges ad one for number of headng charges. Fgure J4 depcts an
exanple d the depstakenduring a MANOVA. The exanple $own in Fgure 34 includestwo
DVs.

Variable Set 1;,
Variable 1
Variable 2

Figure 34. Exanple d the gepsin a MANOVA.
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SUMMARY OF A MANOVA: The MANOVA comparesaweragesfor several variades
smultarecudy ard tests if these aeragesare diferent due b charce abne. The kasc MANOVA
results in avalue caled A that includes he efects o more thanone DV. The lower the value d
A, the nore powerful the efectof the IV on the setof DVs ard the less lkely it is that the
differencesbetweenmears occurred by charce. After a sgnificart result of a MANOVA, which
indicates tat at leasttwo mears ae sttisticaly different for the system reseachers thenconduct
ANOVAs.

Exanple: Whenone canpares he rumber of atitude clanges ad number of headng charges
betweenDewelopmental, FPL ard Supewisor ata bcal certer, the canparison involves nultiple
obsewations of two variades. The nultiple obsewations are the rumber of attitude clarges ad
number of headng charges & eachindividualwithin the eachexpelierce kevel. The DVs ae the
number of akitude clarges ad the rumber of heading charges. The canditions are formed Ly the
three eyperierce kvels. Fgure J5 displys the dag for this exanple. Without looking atthe
individualvariades, one cansee tat the three epelierce kevels differ. A MANOVA would
determine if charce abne causedhese diferences. If the diferences ae leyond charce (or
significart in gatistical terms), ANOVAS on the individualvarialdes are caxducted.
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Figure J5. Multiple obsewations of number of atitude clarges ad number of heading charges
as a tinction of experierce kevel.

Summary

The precedng palegrapls give sane insight into the shtistical methods used Y reseachers.
Statistical methods ae very powerful tools for the reseacher. Theytell the reseacher if the
experimental conditions affectthe depedert measues ested. The type d statistical test that the
researcher uses varies with the type of experiment. A good researcher will design experiments o
they canuse hese echiques b the fullest extent.
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Apperdix K
Desciptive Satistics

Post Scerarno Questonnaires

After eachscemrio, the ATCSs rated seeral scemrio-related itens. The Rost-Scerario
Questonnaire ako included he sk NASA TLX ratings. There wee 12 paticiparts ard 8
simulation scenarios or atotal of 96 observations. Equipment failure during the smulations
causedhe loss d one dosewvation. The total number of obsewvations used m the aralyses was
therefore 95.

Post-Scerarno Questons

The scearios wee moderately realstic with a meanof 6.6 ard noderately represemative of an
average dayat the Atlantic City TRACON with a meanof 6.0. The ATWIT devce tardly
interfered with controlling traffic as indicated by a mean rating of interference of 1.6. The
oculometer interfered mare with controlling traffic but ill o nly moderately with a mean rating of
2.9. ATCSsrated the smulation pilots' responses of very good quaity atan8.9 level. On
awerage,the ATCSs waked noderately hard with a meanof 5.1. The sef-rated quaity of
control was god at7.6. The overall SA, for current arcraft locaion, projected arcraft locaton,
ard paentia violations were good with mears of 7.8, 7.8, 7.7, ard 78, respectvely. The
scerarios wee moderately difficult with a meanof 5.2 (Tade K-1).

Table K-1. Post-Scerario Quesions (n=95)

Variable Label Mean SD
Realism 6.59 1.8
Representative 6.02 1.9
ATWIT Interference 1.62 1.48
Oculometer Interference 293 2.09
Sim. Pilot Response 887 1.26
Working Hard 512 270
Quality of Cantrol 757 1.0
Overall SA 775 1.66
Cumrent Act. location SA 7.75 1.76
Projected Act. location SA 774 1.75
Potential Violations SA 7.81] 1.65
Scenario Difficulty 519 2.74

Post-Sceraro TLX

The TLX scaes (Talde K-2) reveakd hat the peformance aml efort ratings wee high with
mears d 7.6 ard 7.3, respecively. The level of frustration was Elatively low. Mental, physical,
ard temporal denmand were moderate with mears of 5.6, 4.1, ard 46, respectively.
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Table K-2. Post Scerario TLX (n=95)

Variable Label Mean SD
Mental Demard 5.64 2.70
Physical Demard 4.08 2.61
Temporal Demard 4.63 2.40
Performance 7.56 1.5]]
Effort 7.31 212
Frudration 3.8 2.72

The workload levels found from the ATWIT ratings correlated with the workload levels found by
the TLX itens in the Post-Scerario Questonnaire (Talde K-3). Especally the mental denand
itemcorrelated wel with the meanATWIT rating.

Table K-3. Coarelations BetveenMeanard Maxmum ATWIT Raings anl Post-Scerario TLX

Items
ARMean | ARMax
Mental Demard 71 .50
Physical Demard 46 43
Temporal Demard .57 .39
Performance -.20 -.22
Effort .34 17
Frudration .53 .35

Over-the-Shoulder Rating Forms

An ATC SME conduded an OTS rating. The items on the checklist are smilar to the ones used
in other studies exeptfor five itens that are replicaions of itens an the Rost-Scerario
Quesionnaires an the sk TLX ratings. The sca¢ an the canpaiison ard TLX itens is 1-10.
The other items have a scale from 1-8. The dichotomy in scaling will ease the comparison of
resuts with previous studies aul the responses @ the participarts.

Over-the-Shoulde Ratings

The OTS rater rated overall peformance d the ATCS patticiparts moderately good at6.2.
Overall traffic flow efficiercy was \ery good at7.5. Overall Attention and SA were good at7.0.
Overall prioritizing skills were very good a& 7.5. Providing air traffic control information was
very good as wdlat 7.5. The overall tecmical knowledge d the ATCS patticiparts was exelent
at 8.0. The communication kills of the paticipants were good a 7.0. Table K-4 presents amore
detailed breakdavn of the OTS ratings

Over-the-Shoulder ratings d sekcted Post Scerario guesions

To investigate if anOTSR canobsewne catrol strategy prefererces d the ATCSs, the reseachers
replicated fve quesions from the Entry Questonnaire © the OTS rating form. Table K-5
preseis the mears ard stardard devations of these questns. The OTSR perceved the ATCSs
to have a pefererce br vertical sepaation ard vecioring ard muchless br speed cotrol. The
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OTSRrated the wak level to be moderate at5.8. The ATCSS peirformance wasvery good at
8.7.

Table K-4. General Over-the-Shoulder Ratings (n=96)

Label Mean Std
Overall Performarce 6.18 1.12
Maintaining Traffic Flow 7.33 1.11
Sequencing Traffic Flow Efficiently 741 1.09
Efficient Control Instrudions 7.48 0.91
Overall Traffic How Efficiency 7.38 1.02
SA of Act. Positions 7.18 1.18
Positive Control 7.03 1.47
Detection of Control Instrudtion Deviation 7.52 1.4
Carrecting Own Errors Timely 7.18 1.34
Overall Attention ard SA 7.01 1.23
Actions in Order of Impartance 740 0.96
Preplanning Control Actions 748 0.92
Handing Control for Several Aircraft. 7.40 1.00
Flight Strip Marking 751 0.92
Overall Prioritizing 7.45 0.87
Providing Esential ATC Info. 7.49 0.8
Providing Additional ATC Info. 7.51 0.86
Overall ATC Info. Rating 7.47 0.8
Knowledgeof LOAs and SOPs 7.88 0.36
Knowledgeof Act Capdhilities 7.97 0.17
Overall Technical Knowledge 7.95 0.27
Proper Phraseology 6.86 0.82
Clear ard Efficient Communication 7.19 0.89
Listening for Pilot Readbacks and Request 7.40 0.93
Overall Communication Rating 7.04 0.65

Table K-5. Ower-the-Shoulder Raings d Selecied Post-Scerario Questons

Label N[ Mean Std
Pref. for Vertical Separation 96 8.92 1.9
Pref. for Vectoring 95 8.24 1.60
Pref. for Speed Contral 46 3.59 3.12
Working Hard 96| 5.80 254
Control Performance 96 8.70 1.5]]

Over-the-Shoulder Ratings of TLX items

The OTSR rated eachof the TLX itens for eachof the smulation runs. Onawerage he nmental,
physical ard temporal dermand were moderate at 6.2, 6.0, ard 65, respecively. The peformance
rating on the TLX was very good a 8.7. The TLX effort level was noderate a 6.4. The level of
frustration was o awerage bw at 2.8 (Talde K-6).



Table K-6. Over-the-Shoulder Ratingsof TLX Items (n=95)

Label Mean Std
TLX Mental Demard 6.21 2.43
TLX Physical Demard 6.04 2.28
TLX Temporal Demard 6.2 2.5
TLX Performance 8.71 1.31]
TLX Effort 6.41 2.35
TLX Frugration 2.7 2.02

Visud Scanning

Several levels of daaredudion formed the basis for the results presented here. Fixations,
saccadesblinks, ard pupl information formed the hkesis for the visual scaming dat set. This data
set congisted of the summay variables of 5-minute intervals. This section on descriptive satistics
preseis the sunmary statistics acoss hese 5minute intervals acoss al conditions. In this
expelriment, the reseachers dstinguished tree bvels of detl in eye novement characteristics.
The first level focused o gerera eye novement characteristics, without making a dstinction
betweenobjects a groups d objects atwhich paticiparts looked. The secod level focused o
scere phares o surfaces o which the ATCSs rested their gaze (adarscope, keyboard area, flight
progress grip bay, ard ATWIT devce).

Gererd Eye Movement Characteristics

The first level of detll included dleye novement characternistics fixations, saccadedjlinks, ard
pupi). The gerral visualscaming variades usedn the aralyses ae the neanvalues ¢ a 5-
minute interval (Tade K-7). Table K-8 presens the pecertage d time spei on fixations,
saccadesard Hinks. Each5-minute interval contained appoximately 426 ixations. Onawerage,
the paticiparts spert 78% of the ime in fixations. The awerage fxation duration was560 ns.
During fixations, small eye novements cccurred that resuked n aerage aea coverage d 0.67
squae inch (435 mnrY). The paticiparts eyes noved in saccades apmximately 17% of the ime.
The saccadedasted anaverage ¢ 120 ns. The neandistarce raveled ketweentwo fixations was
3.30 inches (77.19 mm). The meanpupi dianeter was 587 nm. Onawerage,paticiparts
blinked 81 imes per5-minute interval. Blinks accainted for 7% of the time. The nmeanblink
duration was250 ns. During closure d the eyelids the ey candill travel. The distance traveled
within a Hink was9.18 inches(23.32 nm).
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Table K-7. Gereral Visual Scaming Varnaldes (n=864)

Variable Label Mean SD Units
Fixation Numkber 42600 50.00

Fixation Mean Duration 56000 78.00 ms
Fixation Area Mean 0.67 0.12] inch?
Visud Efficiency 0.82 0.04]

Total Fxation Time 23500 2000 second
Saccade Number 43100 5500

Saccade Mean Duration 12000 19.00 ms
Saccade Mean Distance 3.30 0.59 inch
Eye Motion Workload 4.76 1.09| inch/sec
Total Saccade Time 50.00 1000, second
Pupil Mean Diameer 5.87 1.07 mm
Pupil Motion Workload 0.05 0.03] mm/sc
Blink Number 81.00 31.00

Blink Mean Duration 25300, 13200 ms
Blink Mean Distance 9.18 4.02 inch
Total Blink Time 2134 1503 second

Note that the mean5-minute interval daia formed the lesis for the catulation of the pecertage d
time. The fotal of the pecertage speton fixations, saccadesard Hinks therefore dces rot add
to 100 pecert due b inherent rounding error (K-8).

Table K-8. Total Fixation, Saccadeard Blink Time (sec)

Variable Label Mean SD| Percert
Total Fxation Time 23468 2012 7823
Total Saccade Time 4981 1031 1660
Total Blink Time 2134 1503 711

Correlations

Considering the carelations betweengerera eye novement related varialdes, the rumber of
saccadessinot included n the inferential statistical aralysis. With a carelation coefficiert of 0.99
betweenthe rumber of saccades anthe rumber of fixations, these wo varialdes represeied the
sane pheromeron. Table K-9 preses the carelations anong gereral eye novement-related
variades. What is striking alout the table o correlations is the appaent indepenlerce d the
various measures. Given the integrated naure of vision, it would na have been surprising o see
more redurdarcy in these neasues.



Table K-9. Correlations Between General Eye Movement Related Variables
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n n n m 0 0 0 a a a [y [ [y
Saccadk Number 1 -0.1 -0.35/ 0.06/ 047 -029 -0.1 0.77 0.19 -0.18 0.99 -0.17| -0.03 -0.13
Saccadgk MeanDuration 1 0.6 048 -0.28 0.19 0.3 -021 025 0.51 -0.12 -04 -0.16 -0.74
Saccagk MeanDistance 1 076 -0.2 0.17 0.3 -042 0.14 0.15 -0.35 -0.34 -0.26 -0.49
Eye Motion Workload 1 -0.08 -0.16/ 0.19 -0.26 0.2 0 0.02 -0.57 -0.38 -0.66
Blink Number 1 -0.09/ -0.11 0.37 -0.11 -0.11 0.48 -0.11 0.13 0.08
Blink Mean Duration 1/ 0.07 -0.35| -0.15 0.15| -0.28 -0.15| -0.13 -0.22
Blink Mean Distance 1/ -0.19 0.14| 0.04 -0.08/ -0.25 -0.1 -0.3
Pupil N umber 1 0.2 -0.18 0.79 0.38 0.31 0.34
Pupil Mean Diameter 1/ -0.1 0.18| -0.06 -0.04| -0.13
Pupil Motion Workload 1/ -0.16 -0.23| -0.08 -0.34
Fixation Number 1 -0.16 -0.04 -0.1
Fixation Mean Duration 1 049 081
Fixation Area Mean 1 0.45
Visual Efficiency 1

Scere Hare Fxations

The secod level of eye novement dat included fxations, brokendown by the scee phare an
which they rested. Table K-10 arl Table K-11 presen the scee pare scaning variades ard the
distribution of total fixation times acoss sceae phres especively. The paticiparts fixated 58%
of the totd time or 75% of the fixation time onthe radarscope The mean duration of the
radarscope ixations was620 ns. Paticiparts spert only 0.5% of the total time or 0.6% of the
fixation time on fixations an the ATWIT devce. The meanATWIT fixation duration was 610
ms. Fixations an the flight strip bay accaunted for 2.2% of the total time or 2.9% of the fixation
time. The nmeanduration of flight srip bay fixations was320 ns. Paticiparts fixated on the
keyboard/mouse Aea br 17% of the total time or 21.7% of the fixation time. The meanduration
of the keypoard/mouse area fxations was450 ns.
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Table K-10. Scer Phre Visual Scaming Varnaldes (n=864)

Variable Labdl Mean SD Units
Radarscope Number 29096 53.13
Radarscope Mean Duration 62000 11000 ms
Radarscope Tatal Duration 17546 2662  secondg
ATWIT Number 2.84 2.75
ATWIT Mean Duration 61000 41000 mg
ATWIT Total Duration 1.49 1.00] secondg
Flight Strips Number 1903 2131
Flight Strips Mean Duration 32000 13000 mSs
Flight Strips Total Duration 6.74 9.20[ seconds
Keyboard/Mouse Number 11316 4270
Keyboard/Mouse Mean Duration 45000 98.00 ms
Keyboard/Mouse Total Duration 51.00 2057 seconds

Note that the anourt of time sper looking atthe ATWIT devce was o awrage 15 secods per

5-minute nterval (Tade K-11).

Table K-11. Cunulative Fixation Duration for the 4 Sere Rares:Radascope, ATWIT Pand,

Flight Strip Bay, ard Keyboard Mouse Area

Variable Labd Mean SD Percent Percent
Total Time Fixation
Time
Radarscope Total Duration 17546 2662 5848 7476
ATWIT Total Duration 1.49 1.00 0.50 0.64
Flight Strips Total Duration 6.74 9.20 2.25 2.87
Keyboard/Mouse Taotal Duration 51.00 2057 17.00 2173

The carelations ketweenthe rumber ard duration of fixations on different scere phres wee low.
The hghestcorrelation occurred betweenthe meanduration of fixations an the flight strip bay
ard the duiation of fixations on the keyoard area ¢ =.35). The dstribution of the fixations
across te scee phres herefore did not seento follow a fixed patern.

Radarscope Fxations

The third ard most detiled level of aralysis focused o object fixations an the HanView Disply.
The main information displky in ar traffic cantrol is the P/D or radarscope. The dojects o
fixations an the PVD were daa blocks, CA/LA, other statics (@rports, fixes, VORS, etc.),
preview area,systemarea,ard the tablist area. The reseachers catulate the neanduration,
number of fixations, ard the total duration for eachof these caggaies. The reseachers ako
expressed the totd duration in percentage of the totd time, percentage of the totd fixation
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time, ard pecertage d the total fixation time on the radarscope. Table K-12 presens the rumber
ard duation of the fixations on radarscope dojects. Table K-12 presens the overall meanfixation
durations ard their stardard devations.

The paticiparts spen on avwerage 92%of their time on the radarscope boking ataircraft dat
blocks. Onawerage,ATCSs looked atthe arcraft represeriations on the radarscope 251 itmes in
a 5minute interval, or roughy 50 imesperminute. The awerage ixation duration on aircraft
repreeriations was660 ns. The CAILA area accanted for a regligible small percertage d the
fixated time (visited gpproximately once every 20 minutes). ATCSs looked at CA/LA with
average ixation duration of only 30 ns. ATCSs rested heir gaze o static objects in 2% of the
time fixated on the radarscope. In a 5-minute interval, 8 o the paticiparts fixations rested
static objects. The aerage duation of these fixations was150 ns. Paticiparts fixated on the
preview area h 2% of the ime of the radarscope fxations. The paticiparts looked atthe
preview area anaverage ¢ appioximately six times ewery 5 mnutes. The meanduration of the
fixations on the preview wason average 150 m ATCSs fixated on the yystemarea 2%of the
time of the radarscope ixations (visited anaverage ¢ appoximately 9 times). The fixations an
the y/stens area bsted 380 ms. Lastly, ATCSs fixated on the b list in a regligible small
percertage d the ime of the radarscope ixations (visted am awerage @ three tmes per5
minuteg. The fixations on the tab list lasted 160 scands

Table K-12. Radarscope Ohects

Variable Label Mean SD Units
Data Bock Mean Duration 66000 13000 Ms
Data Bock Number 25072 5956| Frequency|
Data Bock Total Duration 16107| 3399 Secondsg
CAJ/LA Mean Duration 3000 11000 M|
CA/LA Number 0.23 0.81] Frequency|
CA/LA Toatal Duration 0.07 0.27] Seconds
Other Statics Mean Duration |15000, 17000 Ms
Other Statics Number 8.34 1724 Frequency
Other Statics Total Duration 2.86 6.71| Secondsg
Preview Mean Duration 40000, 32000 Ms|
Preview Number 5.67 7.22| Frequency)|
Preview Tatal Duration 2.69 3.95| Seconds
System Mean Duration 38000, 22000 M|
System Number 8.78 8.89| Frequency
System Total Duration 3.2 4.9%| Seconds
Tablist Mean Duration 16000 28000 Ms|
Tab list Number 154 3.16| Frequency)|
Tablist Total Duration 0.64 1.56| Seconds
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Table K-13 ckaty stows that the nostimportant elenerts on the radarscope wee arcraft. On
awverage,arcraft fixations canstituted 92%of the fixation time on the radarscope.

Table K-13. Cunulative Fixation Duration on Objects an the Radascope

Variable Label N| Mean SD Peacent Percert| Percen Radarscope

Total Timg Fixation Time Fixation Time
Aircraft Total Duration 864 16107 3399 5400 69.00 92.00
CA/LA Total Duration 864 0.07 0.27 0.00 0.00 0.00
Other Satics Total Duration | 864 2.86 6.71 1.00 1.00 2.00
Preview Tatal Duration 864 2.69 3.95 1.00 1.00 2.00
System Tatal Duration 864 3.92 4.95 1.00 2.00 2.00
Tablist Total Duration 864 0.64 1.56 0.00 0.00 0.00

ATWIT

Equipment failure caused the loss of daa for one smulation scenario. For this smulation, the
reseachers sulstituted the overall meanvalue for the ATWIT varialdes for eachinterval. The
data setused or the desaptive shtistics cottained 96 dosevations. The ATWIT ratings stowed
a trerd asa function of interval number (Talde K-14), reflecting the kuildup d traffic duting the
first 10-15 minutes d the scearios.
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Table K-14. ATWIT Raings as a &nction of Smulation Interval (n=96)

Interval Low Load High Load

Meansl SDs Meansl SDs Meansl SDs

1 1.5 1.8 1.67 0.7 1.8 1.3

2 2.00 257 3.67 2.3 2.83 2.58

3 2.5 2.03 4.8 257 3.54 2.63

i 4 3.13 2.49 4.67 1.9 3.0 2.3
% 5 3.3 258 4.3 2.04 3.88 2.3
z 6 3.2 212 479 2.13 4.3 2.15
7 3.7/ 23 4.2 2.24 4.3 2.33

8 167 1.9 521 2% 3.4 2.8

9 2.17  3.03 55 2.8/ 3.83 3.37

1 1.13 0.3 142 1.8 127 1.2

2 1% 072 2.63 2.46 2.8 1.88

3 2.8 1.89 370 2.3 2.9 2.6

o 4 2.5 1.9% 55 2.13 4.00 2.53
§ 5 238 1.3 6.67 1.% 4.5 2.74
6 2.67 1.9 6.71 2.05 4.60 2.86

7 2.3 2.04 6.33 2.43 4.3 2.9

8 246 1.9 538 2.3 3.2 2.60

9 3.13 2.2 3.67 3.31 3.40 3.10

1 1.3 1.2 1% 1.3 1483 1.3

2 177 1.8 3.15 2.4 246 2.28

3 217 1% 431 2.48 3.4 2.46

4 281 2.24 508 2.07 3.%5 2.43

5 2.85 2.09 552 2.9 419 2.5

6 3.9 213 57 2.28 45 252

7 3.06 2.26 563 2.4 4.3 2.65

8 2.06 1.9 520 24 3.68 2.72

9 2.66 2.9 458 3.2 3.61 3.23
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The ATWIT latencies showed a Smilar increase at the onset of a scenario, dthoughthe effect was
not as ponounced asn the ATWIT ratings henseles [Tade K-15).

Table K-15. ATWIT Latencies as a Enction of Simulation Interval (n=96)

Interval Low Load High Load
Means | SDs Means | SDs Means | SDs
1 3.13 3.99 2.75 1.57 2.94 3.01
2 475 5.30 3.79 5.30 4.27 5.27
o 3 3.33 421 5.13 6.47 4.23 5.47
2 4 6.13 5.97 4.42 478 5.27 5.42
p 5 5.00 6.07 2.88 418 3.94 5.27
3 6 3.83 4.40 3.38 4.27 3.60 4.30
7 4.79 5.73 2.83 3.71 3.81 4.88
8 4.29 5.24 4.46 5.08 4.38 5.11
9 5.50 6.84 6.29 7.09 5.90 6.90
1 2.54 1.53 2.96 3.94 2.75 2.96
2 2.67 2.35 4.29 5.47 3.48 4.25
3 454 4.42 5.42 6.37 4.98 5.44
@ 4 4.88 455 454 6.20 471 5.38
S 5 4.96 5.09 421 5.21 458 5.11
= 6 4.46 4.94) 4.88 5.71 4.67 5.29
7 413 4.32 3.50 5.34 3.81 4.81
8 4.92 476 3.13 418 4.02 453
9 5.42 6.32 6.33 6.98 5.88 6.60
1 2.83 3.01 2.85 2.97 2.84 5.17
2 3.71 4.19 4.04 5.34 2.97 4.14
3 3.94 431 5.27 6.35 3.88 4.82
4 5.50 5.29 4.48 5.48 478 3.81
5 4.98 5.54 3.54 472 4.60 4.82
6 4.15 4.64 413 5.05 5.44 4.20
7 4.46 5.03 3.17 4.56 4.99 4.80
8 4.60 4.96 3.79 4.65 5.38 5.89
9 5.46 6.51 6.31 6.96 4.26 6.72

Performance Measugs

The daa redudion and analysis (DRA) program reduced the smulator data files, the sSmulation
pilot command files, the pughr-to-talk (communication), and the ATWIT filesto aset of 41
variables. These variables were divided into Conflict, Complexity, Error, Communications, and
Task Load \erialdes.

Conflicts

The DRAmodule catulated the rumber ard duration of stardard, terminal, longitudinal, ard
paallel conflicts. The DRA module originally reduced daa of experiments with IFR aircraft ILS
appoactes aly. Inthe curent expetiment, howewer, both IFR ard VFR arcraft ard visual
appoactes wee presen. These arialdes ae indicabrs d how close a ATCS works traffic.
They are rot the rumber of times anATCS violated sepaation requirements.
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Table K-16 sunmarizes he nears am stardard devations for the canflict related variades. On
average,there wee 3.2 siardard canflicts per45-minute smulation. These caflicts lasted
appioximately 4 mnutesard 20 £cands Terminal Conflicts occurred 1.6 times per scerario for
a total of alout 1 mnute arl 20 secods. Less hanone longitudinal conflict occurred per
sceraro, on awerage ésting less han50 secads. No Parallel Conflict Information was ecaded.
The rumber of recaded BetveenSector Conflicts was appoximately 5.5 per45-minute sceario.
The cunulative Duration of BetweenSector Conflicts within a sceario was appoximately 5
minutesard 45 £cands The dosed Pant of Approachwasless than 2800 Eetwith a
Horizontal Sepaation of less than2200 Eetard a \ertical separation of less than480 ket The
aircraft Proximity Index during this experiment averaged dmost 275.

Table K-16. Meanard Ds o DRA Variades Rebted to Task Load as a &nction of Task Load
ard VisualNoise

Low Load High Load
Means | SDs Means | SDs Means | SDs
No Standard Canflicts 221 144 0.83 1.05 276 1.77
Dur Standard Canflicts 22242  62998| 15033  48271| 18094 44988
No Terminal Conflicts ( 3/500) 0.29 0.46 0.17 0.38 0.48 0.68
Dur Terminal Conflicts (3/500) 8.17 1535 338 1024 1940 4123
& | No Longitudinal Canflicts 0.46 0.78 033 0.48 0.74 1.00
2 | Dur Longitudinal Canflicts 3683 6992 1775 2706 4442 6858
S | No Between Sector Conflicts 263 224 333 117 421 266
Z | Dur Between Sector Conflicts 14700  14104| 16967 13098 | 28228 22595
Closest Point of Approach (Feet) 439392 580433 | 372883 529935 259569 447378
CPA Horizontal Separation 422300 590005 | 356375 538599 | 235860 456723
CPA Vertical Separation 55642 30632 | 49317 27518 | 51699 22931
Aircraft- Proximity- Index (0-100) 1954 2667 2808 2932 2202 2009
No Standard Canflicts 332 192 6.79 354 381 397
Dur Standard Canflicts 13946 11457 | 52367 43668 | 33700 49287
No Terminal Conflicts ( 3/500) 067 0.81 5.25 229 271 3.04
Dur Terminal Conflicts (3/500) 3064 5453 | 30663  19018| 15500 20305
No Longitudinal Canflicts 1.03 1.12 1.50 1.18 092 1.07
8 | Dur Longitudinal Canflicts 5201 6784 7771 7260 4773 62.09
2 | No Between Sector Canflicts 5.79 2.04 1021 2.70 6.77 4.04
Dur Between Sector Conflicts 41756 21503 | 64867  18186| 40917 28838
Closest Point of Approach (Feet) 79745 67883 | 59963 31823 | 216423 403638
CPA Horizontal Separation 49420  74925| 43079 27628 | 199727 409136
CPA Vertical Separation 47756 10186 | 39583 20743 | 44450 24603
Aircraft- Proximity- Index (0-100) 2450 1002 3775 3241 3292 3096
No Standard Canflicts 152 143 5.05 332 329 3.10
Dur Standard Canflicts 18638 55639 | 33156 37071 | 25897 47589
No Terminal Conflicts ( 3/500) 023 042 2.96 287 1.60 246
Dur Terminal Conflicts (3/500) 577 1313 | 16863 19647 8720 16088
No Longitudinal Canflicts 0.40 0.64 1.26 1.16 0.83 1.03
Dur Longitudinal Conflicts 2729 5333 64.86 7071 4607 65.09
No Between Sector Conflicts 298 1.80 8.00 325 5.49 364
Dur Between Sector Conflicts 15833  13513| 53311 22902 | 34572 26546
Closest Point of Approach (Feet) 406138 550840 | 69854 53390 | 237996 424376
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Complexity

The aerage sgtemacivity was 16. The aerage mmber of atitude clanges was appximately
25 perscerarnio. A 45-minute smulation contained appoximately 28 readng charges ATCSs
instructed arcraft to charge their speedsdass hantwo times perscemrio. Table K-17
summarizes he nears am stardard devations for complexity related varialdes.

Table K-17. Mears ard Ds o Complexity Rebted Vaiiades as a Enction of Task Load aml

Visual Noise

Low Load High Load
Mears| SDs Mears| SDs | Mears| SDs
o Average SystemActivity 456 090 1319 268 747 410
125 Numbe of Altitude Ghangs 1942 546 1779 558 2532 1001
2 Numbe of Heading Changes 1988 1012 1871 657 2839 1450
Numbe of Speed Changes 217 1.97 0.9 05| 1.8 1.72
Average SystemActivity 1037 399 3615 6.94 2467 1271
% Numbe of Altitude Ghangs 3122 1011 3029 1107 2404 1073
Z |Numbe of Heading Changes 3690 1327 4371 1539 3121 1722
Numbe of Speed Changes 143 1.37 292 3.5 1.60 2%
Average SystemActivity 8.88 479 2326 1418 1607 1277
Numbe of Altitude Ghangs 1860 552 30.76 1050 2468 10.34
Numbe of Heading Changes 1929 846 4030 1463] 2980 1590
Numbe of Speed Changes 1.23 1.7 218 246 1.0 2.16

Error

The error-related variables contributed rdatively little to insight in the paformance of the ATCSs
in this sudy. The smulation pilots did not execue missed apppaches The ATCSs nor did not
issue lnd-offs outside the seabr boundary. The rumber ard duration of turns ard holds wee
extremely low. Interestingly erough the DRAfound anawerage & five Start Point Delays with
anawerage $art Point Delay Duration of 35 secoads. Most likely, this was dued debys in the
simulation sdtware becauselhte curent study did not contain arcraft that needed a enual
release. ATCSs dd not have the gption to hold traffic atthe arport as a ool to control traffic
flow. Table K-18 sunmarizes he nears ar stardard devations for error related variades.

Table K-18. Meanard Sardard Deviation of Error Rekted Varaldes

Variabe Mean| SD
No Missed Approaches 0.00 0.00
No Hand-offs Outdde Boundaty 0.00 0.00
No Turn/Hold Delays 0.10 0.30
Dur Turn/Hold Delays 5.5 2305
No Sart Point Delays 5.00 2.27
Dur Sart Point Delay 3567 20830
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Communications

The aerage mmber of ATCS messages pesimulation run was appoximately 36, ard the
number of pilot keystrokestotaled atout 480. Table K-19 summarizesthe mears ard dardad
deviations for communications-related variables.

Table K-19. Meanard Sardard Devation of Communicaions-Related Varades

Variabe Mean| SD
No Ground-to-Air Contacts 411 2805
Dur Ground-to-Air Contacts 18.07| 11500
No ATCS Messages 35.76 17.07
No Pilot Message Key Strokes 47936 21329

Task Load

The aerage mmber of arcraft handled was appoximately 26. The cunulative time ATCSs hed
aircraft under control averaged ahost 19800 £cadsor 5 hours ard 30 minutes The arcraft
under control flew anaverage ¢ a cunulative distarce d 1600miles. On average, the number of
arrivals, depatures,ard acceptd hand-offswere 5.5, 7.5, ard 105, respecively. Aircraft arived
ewvery 2 mnutes anl 40 secads am depated eery 6 nminutes anl 30 secods. Table K-20
sunmmarizes he mears aml sardard devations for task load+elated variales.

Table K-20. Meanard Samdard Devation of Task Load-Related Varaldes

Variabe Mean| SD
No Aircraft Handled 26.36 8.01
Time Under Control 1973451 733047
Distance Hown 162406 340461
No Campleted Hights 7.61 2.0
No Arrivals 5.56 3.07
Ave Arrival Interval (Seconds) 22132 13354
No Departures 7.36 2.63
Ave Departure Interval (Seconds) 39034 15598
No Hand-offs Accepied 1046 3.77
Hand-off Acceg Delay Time 0.00 0.00
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Apperdix L

Detailed Resuls o Selected Satistical Analyses

Table L-1. MANOVA Reasillts for Gerera Post-Scerario Quesions

Effect Wilk’s' Lamidla F Num DF| Den DF | p< .06
Load xVisual moise 413  2.663 8 15 .0484
Load .021 89261 8 15 .000
No Visual noise .041 44301 8 15 .000
Visual mise .078 22082 8 15 .000
Visual mise 370 3191 8 15 .025
Low Load 531 1.658 8 15 .190
High Load 414 2.659 8 15 .049

Table L-2. Load anl VisualNoise Interacion on Gereral Post-Scerario Questons

Ques #|Variable DF | Typelll SS | Mean Squae F p<.06

1 Realism 1 1.168 1.168 0.650 429
2 Representativeness 1 4175 4175 2.150 157
3 ATWIT Interference 1 0.200 0.200 0.590 452
4 Oculometer Interference 1 0.830 0.830 0.790¢ .383
5 Simulation Filot Performarce 1 2.625 2.625 3.110 .092
7 Working Hard? 1 12676 12676 9.240 .006
8 Control Quality 1 7.363 7.353 8.190 .009
13 Difficulty 1 11908 11908 11210 .003

Table L-3. Effectof Task Load o Individual Gereral Post-Scerario Questons

Ques #|Variable DF | Typelll SS | Mean Squae F p<.06

1 Realism 1 5.709 5.709 2.370 .138
2 Representativeness 1 28144 28.144 8.170 .009
3 ATWIT Interference 1 3.234 3.234 9.900 .005
4 Oculometer Interference 1 0.858 0.858 0.530 AT73
5 Simulation Pilot Performarce 1 5.100 5.100 6.590 .018
7 Working Hard? 1 349285 349285 296660 .00Q
8 Control Quality 1 29.739 29739 14440 .001
13 Difficulty 1 400941 400941 263880 .00Q

Table L-4. MANOVA Reasillts for Post-Scerarnio SA Rebted Quesions

Effect Wilk’s' Lamidla F Num DF DenDFH p<.06

Visual mise .552 3.863 4 19 .018
Load .316 10308 4 19 .000
Load xVisual noise .668 2.366 4 19 .089




Table L-5. Effectof Task Load a Individual SA Rebted Post-Scerario Questons

Variable DF| Typelll SS| Mean Squae) F p<.0b
Overall SA 1 373816 37816 25.190 .000
Current ACFT Location SA 1 48525 48525 42980 .000
Projected ACFT Location SA 1 41690 41690 32850 .000
Potential Violations SA 1 22224 22224 13030 .002

Table L-6. Effectof Visualnoise an Individual SA Rebted Post-Scerario Questons

Variable DF|Typelll SS| Mean Squae F p<.06
Overall SA 1 4.062 4062 3950 .059
Current ACFT Location SA 1 6.905 6905 5460 .029
Projected ACFT Location SA 1 6.374 6374 5830 .025
Potential Violations SA 1 13358 13358 14630 .00
Table L-7. MANOVA Resillts of Post-Scerario TLX Itenrs
Effect Wilk’s' Lamida F Num DF|Den DF|p< .06
Load xVisual noise .54 2.363 6 17| .074
Load 060 45175 6 17 .000
Visual roise 514 2633 6 17 .054
Table L-8. Effectof Task Load o Individual TLX Itens in the Rost-Scerario Questonnaire
Variable DF| Typelll SS| Mean Squae F p<.06
Mental Demard 1| 328716 328714 222270 .000
Physical Demand 1 150211 150211 41910 .000
Temparal Demand 1 242671 242671 99.950 .000
Performance 1 15.394 15.394 8.720 .007]
Effort 1 44425 44425 23840 .000
Frugration 1| 170274 170274 80.050 .000

Table L-9. MANOVA Reasillts for Meanard Maximum ATWIT Raings

Table L-10. Univarate Interacion of Load aml VisualNoise on ATWIT Meanard Maximum

Effect Wilk’s' Lamldla F Num DH Den DF| p< .06
Load xVisual nmise .702 4453 2 21 .024
Load 159 55738 2 21  .00Q
No Visual noise .093 102960 2 21  .00Q
Visual mise 330 21304 2 21 .000
Visual mise .988 0.129 2 21  .879
Low Load .849 1.861 2 21  .180
High Load .856 1.767 2 21 195

Load x Visud noise

DF [Typelll SS

Mean Squae

F

p<.06

ATWIT Mean

1.960

1.960

3.69(0

.068




[ATWIT Maximum [1 | 29739 29739 9190  .00§

Table L-11. Univarate Effectof Task Load an ATWIT Meanard Maxmum

Load DF |Typelll SS [Mean Squae F p<.0b
ATWIT Mean 1 110405 110405 92370 .000
ATWIT Maximum 1 136.728 136728 18520 .000

Table L-12. MANOVA Resllts on Gerera Eye Movement Characieristics

Effect Wilk’s' Lamida  F Num DF Den DF| p< .06
Load xVisual moise 617 2.239 5 18 .095
Visual mise .900 0.409 5 18 .836
Load .350 6.680 5 18 .001

Table L-13. Effectof Task Load an Gereral Eye Movement Characteristics

Variable DF [Typelll SS |Mean Squae |F p <.05

Number of Fixations 1 186469740 186469740  4.240 .051
Mean Fixation Duration |1 0.004 0004 2170 .155
Mean Fixation Area 1 0.059 0.059 19540 .000
Visud Efficiency 1 0.001 0.001 0.890Q .357
Mean Saccade Duration |1 0.000 0000 0.160 .692
Mean Saccade Distance |1 0.407 0407 4.310Q .050
Eye Motion Workload |1 0.217 0217 0590 451
Number of Blinks 1 119114555 119114555  3.04(Q .095
Mean Blink Duration 1 0.000 0.000 0.000 .960
Mean Blink Distance 1 4224 4224 0610 442
Mean Pupil Diameger 1 0.215 0.21§ 0.920 .347
Pupil Motion Workload |1 0.000 0.000 0.440Q 516

Table L-14. MANOVA Resllts on Scere Rare Fxation Characteristics

Effect Wilk's' Lambda |F Num DF |Den DF |p <.05

Load x Visud noise  [.251 14200 4 19/ .000
Visud noise .639 2.700 4 190 .063
Low Load 460 5.580 4 19/ .004
High Load 415 5.070 5 18 .005
Load 110 38490 4 190 .000
No Visud noise 213 17595 4 190 .000
Visud noise 119 26596 5 18 .000




Table L-15. Effectof Task Load am VisualNoise Interacion on Scere Rare Fxations

Variable DF| Typelll SS| Mean Squae) F p<.06
Radarscope Fixations 1) 248482300 248482300 15620 .001
Radarscope Mean Duration 1 0.026 0026 17490 .000
Flight Strip Bay Fixations 1| 25091170 25091170 14.720 .001
Flight Strip Bay Mean Duration 1 0.001 0.001y 0460 .504
ATWIT Fixations 1 15583 15583 0.110 742
ATWIT Mean Duration 1 0.008 0008 0450 .508
Keyboard Area Fixations 1) 19481580 19481580 1.060 .316
Keyboard Area Mean Duration 1 0.021 0021 8520 .008
Table L-16. MANOVA Resllts on Radascope Fxations
Effect Wilk’s' Lamixla| F Num DF Den DF| p< .06
Load xVisual roise 151  19.198 5 17, .000
Visual roise 1571 14320 6 16  .000
Load 151 15034 6 16  .000

Table L-17. Interacion Effects of Task Load aml VisualNoise for RadarOhject Rebted

Fixations

Variables DF| Typelll SS| Mean Squael F p<.06
System Area Fixations 1| 5273824 5273824 10540 .004
System Area Mean Duration | 1 0.017 0017 2920 .102
Static Object Fixations 1 -- -- -- --
Static Object Mean Duration| 1 0.059 0.059 12910 .002
TabList Fixations 1| 1633818 1633818 20850 .000
TabList Mean Duration 1 0.117 0117 6470 .019
Preview Area Fixations 1} 1997909 1997909 4.100 .055
Preview Area Mean 1 0.008 0.008§ 1.000 .329
Duration

Aircraft Fixations 1/94884100Q0 948841000 46850 .000
Aircraft Mean Duration 1 0.059 0.059 28220 .000

Table L-18. Effects o Task Load r RadarOhject Rebted Fixations

Variables DF| Typelll SS| Mean Squael F p<.06
System Area Fixations 1| 12947480 12947480 22380 .00Q
System Area Mean Duration| 1 0.188 0.188 44090 .00Q
Static Object Fixations 1{ 69790560 69790560 47500 .00(Q
Static Object Mean Duration| 1 0.005 0.009 0.600 .448
TabList Fixations 1 30.168 30168 0.780 .3886
TabList Mean Duration 1 0.067 0.067 1.740 .201
Preview Area Fixations 1| 10293770 10293770 13700 .001
Preview Area Mean 1 0.001 0.001f 0110 .742
Duration




=

621127500 621127500 11.760  .002
0.004 0.00q 1.790 .194

Aircraft Fixations
Aircraft Mean Duration

=

Table L-19. Repeatd Measues Analysis Resuls VAR X Condition Interaction for Gereral Eye
Movement Characteristics

Variables Wilk’s' Lamida  F Num DF Den DF p<.(®
Number of Fixations .833 0.400 4 8 .804
Average Fixation Duration 541 1.698 4 8| .243
Averace Fixation Area 713 0.806 4 8| .555
Visud Efficiency 491 2.076 4 8 .176
Average Saccade Duration .305 4558 4 8 .033
Average Sccade Distance 438 2567 4 8 119
Eye Motion Workload 582 1436 4 8| .307
Number of Blinks .649 1.082 4 8 .426
Averace Blink Duration 460 2.351 4 8| .141
Averace Blink Distance 900 0.224 4 8| .918
Pupil Diameer 463 2.319 4 8| .145
Pupil Motion Workload 463 2.319 4 8| .145

Table L-20. Main Effect of the Fresere d VFR Intrusions on Eye Movement Varialles

Effect: VFR Wilk’s' Lamida  F Num DF Den DF| p< .06
Number of Fixations .845 2.018 1 11 .183
Average Fixation Duration 984 0.179 1 11 .681]
Averace Fixation Area .898 1.247 1 11 .288
Visud Efficiency 1.000 0.000 1 11 1.000
Average Saccade Duration 939 0.714 1 11 416
Average Sccale Distance 979 0.271 1 11 .613
Eye Motion Workload 952 0.552 1 11 4T3
Number of Blinks .844 2.031 1 11 .182
Averace Blink Duration 920 0.95] 1 11 .350
Averace Blink Distance 97§ 0.273 1 11y .612
Pupil Diameer .850 1.935 1 11y 192
Pupil Motion Workload 731 4053 1 11 .069

Table L-21. Effectof Radascope Oljects an Fixation Duration

Effect Wilk’s' Lamidla F Num DF Den DF| p< .06
Objects .01 239310 4 18 .000

Load 717 8.300 1 21  .009

Visud noise| 1.000 0.000 1 21 1.000

Objects x Load .356 8.158 4 18 .00%

Objects x Visual noise .894 0534 4 18 .713

Load xVisual noise 392 32521 1 21  .00Q

Objects x Load x Visual noise .557 3.573 4 18 .026




Apperdix M
Other AnalysesOppatunities

The canbined aculometry ard simulator dat ses lend thenseles b other forms o aralyses. For
exanple, for eachfixation this data paint included he targets that were within a crcle with a 2
inch radius. Researchers can calculate atransition probabilit y (or Markov) marix, when choosing
targets closest to the fixation. This marix represents the probabilit y that target B follows target
A ard vice wersa. SA dudieshave suggesed hat ATCSs group the arcraft in their arspace. If
the visud scan reflects this grouping, the Markov matrix will r eflect this. Ellis (1986)suggesed
that experts ae likely to scana dsphy in a statified mndom manner, resuking in a synmetrical
Markov matrix. It isinteresting, that these aalyticaltecmiques wee deeloped br stationary
objects. In our facility, the objects are moving targets linking the fixations with the objects.

Data on eachfixation also contains information on its cardinates. Researhers cancakulate the
number of fixations persegnernt ard the rumber of trarsitions betweensegnerts by breaking up
the radarscopeinto polar coordinates. TRACON ATCSs will indicate that they scan inside out,
that is from the cener of the radarscope the airport) to the edge dthe radarscope. They explain
this by painting atthe factthat the arport is the snk of the pioblem, al ariving arcraft will
convergeto that point and al departing aircraft will appear a that point. By sarting to solve
problems in the certer of the scqe,the ATCS starts at most likely the hghly congesed pant.
Using a Markov marix based on polar coordinate segments, researchers visudize the probabilit ies
of moving from one segment to the next. If inside out scanning exists, this will r esult in increased
probabilit ies for transitions from segments that are closer to the airport or center of the
radarscope hanfor segnerts that are nore distart.

Others (Credeuretal., 1993;Hilburn & Pawssuraman, 1996) have used a division of the
radarscope n sectons ard looked attrarsitions ketweenthese seabns. The dvision of the
radarscope n sectonsis aritrary. Hilburn ard Parasuraman used a gd cansisting of squaes o
cakulated the ertropy in the visualscer o ATCSs am found a stuctured scan By basing his
divisions puely on radarscope bcaton, this resuk should not be a suprise. After al, the arspace
structure includes airways and approach pdaterns. It will t herefore be less likely that fixation
trarsitions occur betweenareas wiere ro structural elerrerts exist ard areas hat contain
structural elenents. A sudy by Credeuretal (1993)providesa letter appoach This sudy
used tarsitions etweenstructural elemerts.

The dwision of the arspace m sectons in realty assgns fixations to bins based o the locaton on
the radarscope. There ae aternatives hat do not use he fixation locaton. The aternative
methods may shed mare light on cognitive processes used by ATCSs duiing visud sampling of
the information available an the radarscope. By dividing fixations by the dbject fixated upm,

! Dynamic Decbion aiding in air traffic cantrol: A bio-behavioral aralysis. B. Hilburn ard
R. Pailsuraman, 1996, Vivek, 9, (1), 30-38.
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reseachers dotain the stucture in the visualscanbetweenobjects. This has the pdential to
revealscaming stategies o grouping of objects used p ATCSs.

Reseathers kase aother potentially usetil division of fixations an the dstarce ketween
sutsequen fixations. By creaing hins based m inter-fixation distarces,one canrevealthe
tightness @ the visualscan A high number of trarsitions ketweenor within bins that represem
short distarces caild indicate cbsed bop cantrol in the visualsystem Trarsitions betweenlong
distarce bns would indicaie stuaions where local feedlack camot be used. This would indicate
higher level cognitive processes often thought to exist in open loop control.

Finally, one o the gaals o the visualscaming reseach program is to deelop measues hat
quartify the raeture of visual scaming paterns. Few, if ary, sudieshave addessed a cucia paint
necessarto dewelop suchmeasues. Structure in a visualscandoes rot revealif the ATCS
creaed a duaion that alowed eficiert acqusition of information available on the radarscope.
To do sa one reeds ¢ express he information on the radarscope as aunction of time ard
investigate if the ATCS picked up he a\ailable information in anefficiert way. In other words,
visual scaming eficiercy createsa stuaton that alows for maximal information pickup.

The ATCS scars rot only the radarscope, but flight strips aml canmunicaton chamels as well.
In the curent study, reseachers recaded ATCS-pilot communicaions. Some ATCSs ae urder
the impresson that ATCSs canductaudtory ard visualscaming simultareausly, i.e., while
looking atone arcraft anATCStalks to the piot of arother. By trarsciibing the ATCS-pilot
communications and synchronizing the messages with the fixation information, verification of this
impresspn is posshle. In case acraft at which ATCSs looked stongly correlate with aircraft to
which ATCSs talked, processing is not paallel. If, on the other hand, no correlation exists, this
would indicate that ATCSs wee talking to arcraft at which they were not looking.
Communications and visud scanning would then hgopen in parallel.

Knech, Smit, ard Harcock (1996) have used 1isk indices cakulated from separation
requirements ard acual sepaation betweenaircraft, to look at acions takenby pilots to prevert
loss of separation. Similar indices can be developed for ATCSs and visud scanning variables can
thenbe compared © different risk levels.

The sudy examined the diferences n terms d number of fixations ar fixation durations.
Researhers idertified djjects on the radarscope ly type,eg., arcraft, arports, VORs,efc. The
objectgroup o arcraft canbe further brokendown into arivals, overflights, ard depatures,or
VFR ard IFR arcraft. Fixation duration contains information atout the procesang time that
provides insight into the complexity of processing related to dfferent aircraft types.

During the experiments ard duiing denonstrations auderces ask queisins like “Canbetter eye
movements be taught?” A highly skilled visud scan evolves from years of experience. Another
appoachtakenby reseachers, caled the “optimal controller,” states hat the “optimal controller”
samples displays economically without compromising risk issues. For example, when two aircraft
close in on one arther one wauld need b sanple more often whenthe arcraft grows cbser. If,
giving sanpling of these wo aircraft too muchpriority, the risk d conflicts occuring between
other arcraft not sampled increases. The optimal controller would sample optimally. Then

M-2



reseachers ae albe to compare visualscaming information recaded fom ATCSs with the
performance d a ron-existing optimal controller. Reseachin this area fequerly requires the use
of anoculometer to understand differences letweenoptimal ard operational control. In an
operational setting one wauld target adapive suppat systens based on what ATCSs are nost

lik ely to miss compared to an optimal ATCS modd.
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Apperdix N
Recanmendatons

. Modify the dat reduction module to incorporate oth VFR ard IFR rules.
Rationale: The datreducion module atthe RDHHR. does rot distinguish betweenVFR ard
IFR arcraft.

. Modify the dat reduction module to cakulate ATCS performance kased on ATCS
responsibilit y, not on pasition symbol only.

Rationale: Curently the dat reduction module assures arcraft carying a paition symbol
belongs D a paticular ATCS. Aircraft carying the ATCS position symbol as well as dher
aircraft inside he ATCS airspace age the ATCS respansibilit y.

Investigate the efectof anintrusion alert, waming the ATCS of aircraft ertering Class C
airspace.

Rationale: Verbal reports duing this expetiment on aircraft intrusions into Class C aspace
indicated hat ATCSs dd miss sane of the intrusions. Their eye novement characteristics dd
not charge duimng the 5minute intervals that included hese eerts. The feaures d the
representation of these aircraft did not differ from arcraft under normal control.

. Investigate the eficiercy of ATCS visualinformation acqusition.

Rationale: Increasng task load am introducing visualnoise afecied ey novement
characteristics as emert from scer phare ar radarscope dojectdat. Eye nmovement
characteristics ty thenseles donot provide nsight into how ATCSs acquie information.

. Investigate row the ATCS uses iiation time on aircraft represemations.

Rationale: The dagindicatd hat ATCSs sped the nost fixation time on aircraft
represemations. The quesbn remains as ® how the ATCS uses histime. The arcraft
represemation (radar return, vecbor line, ard dag block) contains more information thanary
of the aher objects. Does he ATCS sperl nore time acquring this information, or is the
increasen fixation time due b anincreasen higher level cognitive processng?

. Investigate if ATCSs acquire dl aircraft information during a sngle fixation.

Rationale: One assuiption is eye novements force a sequéra acqusition of information.
With anincreasen expettise, ATCSs dewlop high levels of aubmation in the acqusition of
visud information. How much information ATCS can acquire duiing one fixation remains
urknown.

. Investigate ATCS visualinformation processng in the paefovealard the perpheral field of
view.

Rationale: Some reseachers have stown that cognitive load aml experierce afects the
anmount of information calected fom a fixation. If expelierce ncreasestte functional field of
view, how muchof the radarscope carthe ATCS process m a shgle fixation?
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